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Foreword 


This Technical Specification has been produced by the 3'4 Generation Partnership Project (3GPP). 


The contents of the present document are subject to continuing work within the TSG and may change following formal 
TSG approval. Should the TSG modify the contents of the present document, it will be re-released by the TSG with an 
identifying change of release date and an increase in version number as follows: 


Version X.y.z 
where: 
x the first digit: 
1 presented to TSG for information; 
2 presented to TSG for approval; 
3 or greater indicates TSG approved document under change control. 


y the second digit is incremented for all changes of substance, i.e. technical enhancements, corrections, 
updates, etc. 


z the third digit is incremented when editorial only changes have been incorporated in the document. 
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1 Scope 


The present document describes the physical channels and signals for 5G-NR. 


2 Heferences 


The following documents contain provisions which, through reference in this text, constitute provisions of the present 
document. 


[1] 3GPP TR 21.905: "Vocabulary for 3GPP Specifications". 

[2] 3GPP TS 38.201: "NR; Physical Layer — General Description" 

[3] 3GPP TS 38.202: "NR; Services provided by the physical layer" 

[4] 3GPP TS 38.212: "NR; Multiplexing and channel coding" 

[5] 3GPP TS 38.213: "NR; Physical layer procedures for control " 

[6] 3GPP TS 38.214: "NR; Physical layer procedures for data " 

[7] 3GPP TS 38.215: "NR; Physical layer measurements" 

[8] 3GPP TS 38.104: "NR; Base Station (BS) radio transmission and reception" 
[9] void 

[10] 3GPP TS 38.306: "NR; User Equipment (UE) radio access capabilities" 
[11] 3GPP TS 38.321: "NR; Medium Access Control (MAC) protocol specification" 


3 Definitions, symbols and abbreviations 


3.1 Definitions 


For the purposes of the present document, the following definitions apply: 


3.2 Symbols 


For the purposes of the present document, the following symbols apply: 


(k,1) pu Resource element with frequency-domain index k and time-domain index / for antenna port p 
and subcarrier spacing configuration u; see clause 4.4.3 

au Value of resource element (k,l) for antenna port p and subcarrier spacing configuration u; see 
clause 4.4.3 

B Amplitude scaling for a physical channel/signal 

c(n) PN seguence; see clause 5.2.1 

Af Subcarrier spacing 

Afra Subcarrier spacing for random-access preambles 

K The ratio between 7, and T, ; see clause 4.1 


k Subcarrier index relative to a reference 
l OFDM symbol index relative to a reference 
u Subcarrier spacing configuration, Af = 2" - 15 [kHz] 
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MD Number of coded bits to transmit on a physical channel [for codeword q] 

Me, Number of modulation symbols to transmit on a physical channel [for codeword q] 

Mi Number of modulation symbols to transmit per layer for a physical channel 

ME Scheduled bandwidth for uplink transmission, expressed as a number of subcarriers 

Mig Scheduled bandwidth for uplink transmission, expressed as a number of resource blocks 

Moi Number of modulation symbols to transmit per antenna port for a physical channel 

v Number of transmission layers 

NS Size of bandwidth part i ; see clause 4.4.4.4 

NówPi Start of bandwidth part i ; see clause 4.4.4.4 

Nep, Cyclic prefix length; see clause 5.3.1 

Noid The size of the resource grid; see clauses 4.4.2 and 5.3 
a The start of the resource grid; see clause 4.4.2 

Newson The number of PT-RS groups; see clause 6.3.1.4 

NZ! Physical layer cell identity; see clause 7.4.2.1 

Nik Physical-layer sidelink identity; see clause 8.4.2.1 

NL Frequency-domain size of a control resource set; see clause 7.3.2.2 

NEORESET Number of resource-element groups in a CORESET; see clause 7.3.2.2 

NS Number of samples per PT-RS group; see clause 6.3.1.4 

NR? Number of subcarriers per resource block, see clause 4.4.4.1 

NE Number of slots per subframe for subcarrier spacing configuration pz, see clause 4.3.2 
d Number of slots per frame for subcarrier spacing configuration ju, see clause 4.3.2 

NB Time duration of a control resource set; see clause 7.3.2.2 

NT. Length of the PUCCH transmission in OFDM symbols; see clause 6.3.2.1 

Neo Number of OFDM symbols per subframe for subcarrier spacing configuration ju; see clause 4.3.1 

Noi Number of symbols per slot 

Nra Timing advance between downlink and uplink; see clause 4.3.1 

NTA offset A fixed offset used to calculate the timing advance; see clause 4.3.1 

Npx-Tx Minimum time from reception to transmission for a half-duplex UE; see clause 4.3.2 

ng System frame number (SFN) 

nus Common resource block number for subcarrier spacing configuration u, see clause 4.4.4.3 

NPRB Physical resource block number; see clause 4.4.4.4 

NRNTI Radio network temporary identifier 

nË Slot number within a subframe for subcarrier spacing configuration u; see clause 4.3.2 

ne t Slot number within a frame for subcarrier spacing configuration u; see clause 4.3.2 

p Antenna port number 

O, Modulation order 

p Number of antenna ports 

Tv (M) Low-PAPR base sequence; see clause 5.2.2 

ne (n) Low-PAPR sequence; see clause 5.2.2 

sP” ) (t) The time-continuous signal on antenna port p and subcarrier spacing configuration u for OFDM 

symbol / in a subframe; see clause 5.3.1 

T. Basic time unit for NR; see clause 4.1 

T, Radio frame duration; see clause 4.3.1 

T, Basic time unit for LTE 

T. Subframe duration; see clause 4.3.1 

Tot Slot duration; see clause 4.3.2 

T Timing advance between downlink and uplink; see clause 4.3.1 

W Precoding matrix for spatial multiplexing 
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3.3 Abbreviations 


For the purposes of the present document, the following abbreviations apply: 


BWP Bandwidth part 

CCE Control channel element 

CORESET Control resource set 

CRB Common resource block 

CSI Channel-state information 

CSI-RS CSI reference signal 

DCI Downlink Control Information 

DM-RS Demodulation reference signal 

FRI Freguency range 1 as defined in [8, TS 38.104] 
FR2 Freguency range 2 as defined in [8, TS 38.104] 
IAB Integrated access and backhaul 

IAB-MT IAB mobile termination 

IE Information element 

PBCH Physical broadcast channel 

PDCCH Physical downlink control channel 

PDSCH Physical downlink shared channel 

PRACH Physical random-access channel 

PRB Physical resource block 

PSS Primary synchronization signal 

PT-RS Phase-tracking reference signal 

PUCCH Physical uplink control channel 

PUSCH Physical uplink shared channel 

REG Resource-element group 

RIM Remote interference management 

RIM-RS Remote interference management reference signal 
SRS Sounding reference signal 

SSS Secondary synchronization signal 

VRB Virtual resource block 


4 Frame structure and physical resources 


4.1 General 


Throughout this specification, unless otherwise noted, the size of various fields in the time domain is expressed in time 
units 7, =1/(Af,,x* Nz) where Afnax = 480 - 103 Hz and N, <— 4096. The constant x =T, /T, =64 where 


T, =Y(Afror Never), After =15-10° Hz and Ns, = 2048. 


Throughout this specification, unless otherwise noted, statements using the term "UE" in clauses 4, 5, 6, or 7 are equally 
applicable to the IAB-MT part of an IAB-node. 


4.2 Numerologies 


Multiple OFDM numerologies are supported as given by Table 4.2-1 where u and the cyclic prefix for a downlink or 
uplink bandwidth part are obtained from the higher-layer parameter subcarrierSpacing and cyclicPrefix, respectively. 
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Table 4.2-1: Supported transmission numerologies. 


u Af < 2" -15[kHz] Cyclic prefix 
0 15 Normal 

1 30 Normal 

2 60 Normal, Extended 
3 120 Normal 

4 240 Normal 


4.3 Frame structure 


4.3.1 Frames and subframes 


Downlink, uplink, and sidelink transmissions are organized into frames with T; = (Af ,,N; / 100). T, 2 10 ms duration, 


each consisting of ten subframes of Ty = (Af nax Nr / 1000).7, =1ms duration. The number of consecutive OFDM 


subframe,u __ slot subframe,u 
Namib = Nsymb Nalot 


five subframes each with half-frame 0 consisting of subframes 0 — 4 and half-frame 1 consisting of subframes 5 — 9. 


symbols per subframe is . Each frame is divided into two equally-sized half-frames of 


There is one set of frames in the uplink and one set of frames in the downlink on a carrier. 


Uplink frame number i for transmission from the UE shall start Tra = (Nz a +Nq Nm before the start of the 
corresponding downlink frame at the UE where Nya or, is given by [5, TS 38.213], except for msgA transmission on 
PUSCH where N;, = 0 shall be used. 


Downlink frame i 
Uplink frame i 


P [Nra Nea one. 


Figure 4.3.1-1: Uplink-downlink timing relation. 


4.3.2 Slots 


N subframe,u 


s Not —1 } in increasing order within a 


For subcarrier spacing configuration 4 , slots are numbered n^ € (0, s 


frame, 
N H 


OE: a ka slot . 
Nut 574 } in increasing order within a frame. There are N, symb SOnsecutive OFDM 


subframe and nl € (0, 44 
symbols in a slot where Net depends on the cyclic prefix as given by Tables 4.3.2-1 and 4.3.2-2. The start of slot n^ 


in a subframe is aligned in time with the start of OFDM symbol n N, A in the same subframe. 


OFDM symbols in a slot in a downlink or uplink frame can be classified as 'downlink', 'flexible', or 'uplink'. Signaling 
of slot formats is described in clause 11.1 of [5, TS 38.213]. 


In a slot in a downlink frame, the UE shall assume that downlink transmissions only occur in 'downlink' or 'flexible' 
symbols. 


In a slot in an uplink frame, the UE shall only transmit in 'uplink' or 'flexible' symbols. 


A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined 
by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 
38.306] among all cells within a group of cells is not expected to transmit in the uplink in one cell within the group of 
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cells earlier than Np,.r,T« after the end of the last received downlink symbol in the same or different cell within the 
group of cells where Ns, 1, is given by Table 4.3.2-3. 


A UE not capable of full-duplex communication and not supporting simultaneous transmission and reception as defined 
by parameter simultaneousRxTxInterBandENDC, simultaneousRxTxInterBandCA or simultaneousRxTxSUL [10, TS 
38.306] among all cells within a group of cells is not expected to receive in the downlink in one cell within the group of 
cells earlier than Nj, s, Te after the end of the last transmitted uplink symbol in the same or different cell within the 
group of cells where Ny. 5, is given by Table 4.3.2-3. 


A UE not capable of full-duplex communication is not expected to transmit in the uplink earlier than Ng, 7,T. after the 
end of the last received downlink symbol in the same cell where Ng, 7, is given by Table 4.3.2-3. 


A UE not capable of full-duplex communication is not expected to receive in the downlink earlier than Nr, p, T. after 
the end of the last transmitted uplink symbol in the same cell where N;, p, is given by Table 4.3.2-3. 


Table 4.3.2-1: Number of OFDM symbols per slot, slots per frame, and slots per subframe for normal 


cyclic prefix. 
u Nslot " Name NPubframe,u 
sym slot slot 
0 14 10 1 
1 14 20 2 
2 14 40 4 
3 14 80 8 
4 14 160 16 


Table 4.3.2-2: Number of OFDM symbols per slot, slots per frame, and slots per subframe for 
extended cyclic prefix. 


u NA. Noe Noe eu 
2 12 40 4 


Table 4.3.2-3: Transition time Np, 1, and Nr, Rx 


Transition time FR1 FR2 
NṢx-Rx 25600 13792 
Nęx-Tx 25600 13792 


4.4 Physical resources 


4.4.1 Antenna ports 


An antenna port is defined such that the channel over which a symbol on the antenna port is conveyed can be inferred 
from the channel over which another symbol on the same antenna port is conveyed. 


For DM-RS associated with a PDSCH, the channel over which a PDSCH symbol on one antenna port is conveyed can 
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two 
symbols are within the same resource as the scheduled PDSCH, in the same slot, and in the same PRG as described in 
clause 5.1.2.3 of [6, TS 38.214]. 


For DM-RS associated with a PDCCH, the channel over which a PDCCH symbol on one antenna port is conveyed can 
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two 
symbols are within resources for which the UE may assume the same precoding being used as described in clause 
7.3.22: 


For DM-RS associated with a PBCH, the channel over which a PBCH symbol on one antenna port is conveyed can be 
inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols 
are within a SS/PBCH block transmitted within the same slot, and with the same block index according to clause 
7.4.3.1. 
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Two antenna ports are said to be guasi co-located if the large-scale properties of the channel over which a symbol on 
one antenna port is conveyed can be inferred from the channel over which a symbol on the other antenna port is 
conveyed. The large-scale properties include one or more of delay spread, Doppler spread, Doppler shift, average gain, 
average delay, and spatial Rx parameters. 


4.4.2 Resource grid 


Š : i : bframe, ; ; 
For each numerology and carrier, a resource grid of N gad N E subcarriers and NT OFDM symbols is defined, 


starting at common resource block N edi indicated by higher-layer signalling. There is one set of resource grids per 
transmission direction (uplink, downlink, or sidelink) with the subscript x set to DL, UL, and SL for downlink, uplink, 
and sidelink, respectively. When there is no risk for confusion, the subscript x may be dropped. There is one resource 
grid for a given antenna port p, subcarrier spacing configuration u, and transmission direction (downlink, uplink, or 
sidelink). 


size, 
N H 


For uplink and downlink, the carrier bandwidth grid for subcarrier spacing configuration yu is given by the higher- 


start, u 
N, grid 


configuration u is given by the higher-layer parameter offsetToCarrier in the SCS-SpecificCarrier IE. 


layer parameter carrierBandwidth in the SCS-SpecificCarrier IE. The starting position for subcarrier spacing 


The frequency location of a subcarrier refers to the center frequency of that subcarrier. 


For the downlink, the higher-layer parameter txDirectCurrentLocation in the SCS-SpecificCarrier IE indicates the 
location of the transmitter DC subcarrier in the downlink for each of the numerologies configured in the downlink. 
Values in the range 0 — 3299 represent the number of the DC subcarrier and the value 3300 indicates that the DC 
subcarrier is located outside the resource grid. 


For the uplink, the higher-layer parameter txDirectCurrentLocation in the UplinkTxDirectCurrentBWP IE indicates the 

location of the transmitter DC subcarrier in the uplink for each of the configured bandwidth parts, including whether the 
DC subcarrier location is offset by 7.5 kHz relative to the center of the indicated subcarrier or not. Values in the range 0 
— 3299 represent the number of the DC subcarrier, the value 3300 indicates that the DC subcarrier is located outside the 
resource grid, and the value 3301 indicates that the position of the DC subcarrier in the uplink is undetermined. 


4.4.3 Resource elements 


Each element in the resource grid for antenna port p and subcarrier spacing configuration u is called a resource element 
and is uniquely identified by (k, 1),,,, where k is the index in the frequency domain and / refers to the symbol position 
in the time domain relative to some reference point. Resource element (k, l), ,, corresponds to a physical resource and 


the complex value ups ) When there is no risk for confusion, or no particular antenna port or subcarrier spacing is 


specified, the indices p and u may be dropped, resulting in aj? Or dk 1. 


4.4.4 Resource blocks 


4.4.4.1 General 


A resource block is defined as NBB = 12 consecutive subcarriers in the frequency domain. 


4.4.4.2 Point A 


Point A serves as a common reference point for resource block grids and is obtained from: 


- offsetToPointA for a PCell downlink where offsetToPointA represents the frequency offset between point A and 
the lowest subcarrier of the lowest resource block, which has the subcarrier spacing provided by the higher-layer 
parameter subCarrierSpacing Common and overlaps with the SS/PBCH block used by the UE for initial cell 
selection, expressed in units of resource blocks assuming 15 kHz subcarrier spacing for FRI and 60 kHz 
subcarrier spacing for FR2; 


- absoluteFrequencyPointA for all other cases where absoluteFrequencyPointA represents the frequency-location 
of point A expressed as in ARFCN. 
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4.4.4.3 Common resource blocks 


Common resource blocks are numbered from 0 and upwards in the frequency domain for subcarrier spacing 
configuration u. The center of subcarrier 0 of common resource block 0 for subcarrier spacing configuration u coincides 
with 'point A’. 

The relation between the common resource block number "bus in the frequency domain and resource elements (k,l) 


for subcarrier spacing configuration yu is given by 


where K is defined relative to point A such that k — 0 corresponds to the subcarrier centered around point A. 


4.4.4.4 Physical resource blocks 


Physical resource blocks for subcarrier spacing configuration ju are defined within a bandwidth part and numbered from 
0 to Nowei — 1 where i is the number of the bandwidth part. The relation between the physical resource block ae in 


bandwidth part i and the common resource block News is given by 


u _ „HB start, 
Nere = Npre + Newri 


where Niso is the common resource block where bandwidth part i starts relative to common resource block 0. When 


there is no risk for confusion the index u may be dropped. 


4.4.4.5 Virtual resource blocks 


Virtual resource blocks are defined within a bandwidth part and numbered from 0 to Nba — 1 where i is the number 


of the bandwidth part. 


4.4.4.6 Interlaced resource blocks 


Multiple interlaces of resource blocks are defined where interlace m € (0,1, ..., M — 1) consists of common resource 
blocks (m, M + m, 2M + m,3M + m,...), with M being the number of interlaces given by Table 4.4.4.6-1. The relation 
between the interlaced resource block nins € (0,1, ...} in bandwidth part i and interlace m and the common resource 


block Moč is given by 


Ho I startu _ startu 
NRB = MTRBm + Ngwpi + ((m Nowe) mod M) 


where Name is the common resource block where bandwidth part starts relative to common resource block 0. When 


there is no risk for confusion the index u may be dropped. 


The UE expects that the number of common resource blocks in an interlace contained within bandwidth part i is no less 
than 10. 


Table 4.4.4.6-1: The number of resource block interlaces. 


u M 
0 10 
1 5 


4.4.5 Bandwidth part 


A bandwidth part is a subset of contiguous common resource blocks defined in clause 4.4.4.3 for a given numerology 


E . . E . . O start, u size . 
44; in bandwidth part i on a given carrier. The starting position N,4pj; and the number of resource blocks Nay; ina 


: " start,u start,u start,u size,u start,u start,u size,u start,u size,u 
bandwidth part shall fulfil N.iax S Ngwpi < Mak + Noriax and Nodax < Newei + Newpi S Neriax + Noriax > 
respectively. Configuration of a bandwidth part is described in clause 12 of [5, TS 38.213]. 
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A UE can be configured with up to four bandwidth parts in the downlink with a single downlink bandwidth part being 
active at a given time. The UE is not expected to receive PDSCH, PDCCH, or CSI-RS (except for RRM) outside an 
active bandwidth part. 


A UE can be configured with up to four bandwidth parts in the uplink with a single uplink bandwidth part being active 
at a given time. If a UE is configured with a supplementary uplink, the UE can in addition be configured with up to four 
bandwidth parts in the supplementary uplink with a single supplementary uplink bandwidth part being active at a given 
time. The UE shall not transmit PUSCH or PUCCH outside an active bandwidth part. For an active cell, the UE shall 
not transmit SRS outside an active bandwidth part. 


Unless otherwise noted, the description in this specification applies to each of the bandwidth parts. When there is no 


s A : start,u size,u start, size,u 
risk of confusion, the index u may be dropped from Nprwyp;; > NawP.i> N ridx , and N ridx ; 


4.5 Carrier aggregation 


Transmissions in multiple cells can be aggregated. Unless otherwise noted, the description in this specification applies 
to each of the serving cells. 


For carrier aggregation of cells with unaligned frame boundaries, the slot offset NSS. offset between a PCell/PScell and 
an SCell is determined by higher-layer parameter ca-SlotOffset for the SCell. The quantity Hoffset is defined as the 
maximum of the lowest subcarrier spacing configuration among the subcarrier spacings given by the higher-layer 
parameters scs-SpecificCarrierList configured for PCell/PSCell and the SCell, respectively. The slot offset Nie offset 
fulfills 


- when the lowest subcarrier spacing configuration among the subcarrier spacings configured for the cell is u = 2 


for both cells or u = 3 for both cells, the start of slot O for the cell whose point A has a lower frequency 
coincides with the start of slot aNSa offset Mod Moe" offset for the other cell where q = —1 if point A of the 


PCell/PSCell has a freguency lower than the freguency of point A for the SCell, otherwise g < 1; 


- otherwise, the start of slot O for the cell with the lower subcarrier spacing of the lowest subcarrier spacing given 
by the higher-layer parameters scs-SpecificCarrierList configured for the two cells, or the Pcell/PSCell if both 


cells have the same lowest subcarrier spacing given by the higher-layer parameters scs-SpecificCarrierList 

configured for the two cells, coincides with the start of slot aNg offset mod Nova offset for the other cell where 
q — —1 if the lowest subcarreier spacing configuration given by scs-SpecificCarrierList of the PCell/PSCell is 
smaller than or equal to the lowest subcarrier spacing given by scs-SpecificCarrierList for the SCell, otherwise 


g <1. 


5 Generic functions 


5.1 Modulation mapper 


The modulation mapper takes binary digits, O or 1, as input and produces complex-valued modulation symbols as 
output. 


5.1.1 T/2-BPSK 


In case of 1/2-BPSK modulation, bit b(i) is mapped to complex-valued modulation symbol d(i) according to 


j^ (imod 2) 


d (-0G)+ j(1-26@)] 
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5.1.2  BPSK 


In case of BPSK modulation, bit b(i) is mapped to complex-valued modulation symbol d(i) according to 


di) = (-20)+/(-%0) 


5.1.3 QPSK 


In case of QPSK modulation, pairs of bits, b(2i), b(2i +1) , are mapped to complex-valued modulation symbols d(i) 
according to 


d(i) = [lt -2602) + j(1-22i+)] 


5.1.4 16QAM 


In case of 16QAM modulation, quadruplets of bits, b(4i), b(4i +1), b(4i + 2), (Ai +3) , are mapped to complex-valued 


modulation symbols d(i) according to 


d(i) - L-[(-2b(4))[2- (1-254 2))] e j(1- 2641+) [2-(1- 2641 +3) ] 


NITO 
5.1.5 — 64QAM 


In case of 64QAM modulation, hextuplets of bits, b(6i), b(6i + 1), b(6i + 2), b(6i + 3),b(6i + 4), b(6i +5) , are mapped to 


complex-valued modulation symbols d(i) according to 


d(i) = ——|(1-26(66))| 4-(1-2b(6i+2))[2-(1-2b(6i +4)) | |+ j(1-2b(i+ 0) 4-(1-2b(6i+3))[2- (1- 25(6i--5))] |} 


1 
Ja 
5.1.6 — 256QAM 


In case of 256QAM modulation, octuplets of bits, b(Bi), b(8i +1), b(8i + 2), b(8i + 3), b(8i + 4), b(8i + 5), b(8i + 6), b(8i + 7) 


, are mapped to complex-valued modulation symbols d(i) according to 


d(i) = gag 260[8-0-26+2)[4-(-06i+4)[2-(1-26i+6)]]] 


+/(-%Gi+0)|8-(1-%Gi+3))|4-(1-6i+5))[2-(1-28+7))] |] 


5.2 Sequence generation 


5.2.1 Pseudo-random sequence generation 


Generic pseudo-random sequences are defined by a length-31 Gold sequence. The output sequence c(n) of length M py 


, where n = 0,1,..., M py —1, is defined by 


c(n) = (x,(n+ N,)+ x,(n+ N,))mod2 
x,(n+31) =(x,(n+3) + x,(n))mod2 
x (n+31 =(x,(n+3)+x,(n+2)+x,(n+1) + x,(n))mod2 
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where N, = 1600 and the first m-sequence x,(n) shall be initialized with x,(0) = 1, x, (n) = 0,n = 1,2,...,30 . The 


30 
initialization of the second m-sequence, x,(n), is denoted by cj; = > 2 (i)-2' with the value depending on the 
i- 


application of the sequence. 


5.2.2 Low-PAPR sequence generation type 1 


The low-PAPR sequence nu (n) is defined by a cyclic shift x of a base sequence r, „(n) according to 


u,v 
„Ó — jaz 
x osel", (n), 0€n«M;c 


where Mzc = mN&®/2° is the length of the sequence. Multiple sequences are defined from a single base sequence 
through different values of a and ô. 


Base sequences r,,(n) are divided into groups, where ue 40,1,...,29] is the group number and v is the base sequence 


number within the group, such that each group contains one base sequence (v = 0) of each length M; = mN**/25, 
1/2 < m/2? <5 and two base sequences (v = 0,1) of each length Mz. = mNRB/28, 6 « m/ 2? . The definition of the 


base sequence r, „(0),..., r, „(M zc — 1) depends on the sequence length M ,c. 


UM 


5.2.2.1 Base sequences of length 36 or larger 


ForM;. > 3N3B, the base sequence F, „(0),..., T,» (M zc —1) is given by 


PROZY (n mod Nz) 
_ jami) 


Xq (m) =e Nac 


where 


q =|7+1/2 jev. (pea 
J= Nac Qi 1/21 


The length Nzę is given by the largest prime number such that Ngę < M zc- 


5.2.2.2 Base sequences of length less than 36 
For M zç € 16,12,18,24} the base sequence is given by 
r (n) el* 95^ O<n<Mzc-1 
where the value of g(n) is given by Tables 5.2.2.2-1 to 5.2.2.2-4. 
For M zc = 30, the base sequence r, „(0),..., 7, „(M zc —1) is given by 


.@(ut+l)(n+1)(n+2) 
= Po soo 
r, (n) e , OsnsM;c-l 
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<6. 


Table 5.2.2.2-1: Definition of g(n) for M zc 


P(O).... PS) 


-3]-1 


-3 


4 


E 


ara 


zi [8 


-3|-3 


-1/3 


3 


-3 |-1 


3/3 


3 


-3|-113 


-3 | 3 


i 
i 


3/3 


-3|-3|-8|-1 


3 
-3 


1 


1 


-3 |-3 | -3| 3 


3/-1/-3/4 
3|-3|1 


-3|-1|-3| 1 


ag pe tiet 


-3 |-3|-3| 1 


-3 


1 


0 


2 


8 
9 
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Table 5.2.2.2-2: Definition of g(n) for M zç =12. 


€? | OD | OP] OP] — 05 |€2 | OP | |02|02 02 | rd] OP Koci kord | = FPO] OP 02 od] OP bard od] — | 02 | | OP 
= || TT |? | - |] [OD] fH] AT IT) [2| joj 770200710 J io OP] co 
T [08-7 TT ie TO O OT V SP] x o [77 V 99 re jojo | P| OP] 7 |? ojoj 
r- |e [| | — [09 | - | v- | - | v- [AT PT PTT | Oo] feo] feof] OP oci TI TITO |e IT 
Sei -lei--elele----e-lele---lele----- 
e| | leo [— eo eo [eo e» eo | [o |o [eo e [eo | |eo|eo|eo | - | — |? e| eo e| - | | | 
Ale ojej [e| [i [7 [e [| [e e [o e? | e| 7 | || - || | |: | e|: | 
S | | [ec | |77 |? | 62 e? [eo | | 82 eo |eo Jr | f=] 7 e|? | || [co] - | o | |? 
ee |— e[-—|[- (TT (7 PH (OD | Ari [SPP | v TT 7 Loci SP |= | od | ed] oei OP 77/09 | 9] — J od 
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Table 5.2.2.2-3: Definition of g(n) for M zç =18 


"|ojr|-|-|r|Plolo|Plo|r|o|-|-|o|Pl-|r|o|P|o|-lojo|r|r|o|=|v 
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TT |o|r|P|r|P|P|P|-|P|P|"r|o|rlo|r|ojo|=|r|r|o|=|-| PIP)" To T 
HIT [OO] TT] Joa] V / 7 A /A [OP |] ea} (PO (7 | - | (7 | Cd] x= J] 09/09] | TJE 
r- |e UT | O | TJA || | SPP TT (V od] (PA | 7 ba OP eo T Dril Loci ] OP | POP] OP] — 
746—892 ITT |" AT (VA OD |= AP AO | [77102 PP oj7 | 7 | OP] SP | 09 | C9] TP 
Tr [SP] PP fm ff Ploj 05 77 | 7 Te Po PPP 05 77 10502102 02 | |62 |e0 OP 
SIH [Hl HH lH leo =| lee l 
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Ae I [- [ee [7 | [e| [82 [eo | |: ee [P| | | [7 | | | 9 |eo | | |o 
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Table 5.2.2.2-4: Definition of g(n) for M zç = 24 


u (0), ..., p(23) 

0 |-1]-3] 3 3113 }-1] 1 |-3}-1]-3]-1] 1] 3 |-3}-1]/-3] 3 | 3 | 3 |-3|-3|-3 
1 |-1|-3|3|1|1|-3/1|-3|-3/1 |-3|-1|-1|3|-3|3|3|38|-3/|1|3|83 |-3|-3 
2 |-1)|-3|-3|1 |-1|-1|-3|1 | 3 |-1|-3]- |-12]|-3] 1 |1|3 | 1 |-8|-1 |-1/ 8 |-3|-3 
3 |1|-3|3|-1|-3|-1|3|3|1]|-1/1|1]|3 |-3|-1|-3|-3|-3|-1|3 |-3|-1|-3|-3 
4 |-1|3[|-8|-83]-|3 |-1]|-1/1|]3]|1]3 |-3|]-4)|-83| 1|3 | 1 |- |-8| 1 |-1|-3|-3 
5 |-3]-1] 1 |-3}-3] 1] 1 |-3} 3 [-1]-1]-3] 1 | 3] 1 |-1}-3]-1]-3] 1 |-3|-3|-3|-3 
6 |-3|3|1|3|-1/1|-3|1 |-3] 1 |-1]-3]-1|-3]-3]-3|-3]-1]-1]-1] 1 | 1 |-3|-3 
7 |-3|1/3|-1/1|-1/3|-3|3|-1|-3|-1|-3|3|-1|-1|-1|-3|-1|-1|-3|3|3 |-3 
8 |-3|1|-3/3|-1]-1|-1|-3|3|1 {-1}/-3/-1] 1 | 3 [-1] 1 [-1] 1 |-3|-3|-3|-3|-3 
9 |1[1]-/|-3|]-42/1:1]-3|1 ]-1] 1 1-3/3 |-3}-3] 3 |-1/-3] 1 | 3 |-3] 1 |-3|-3 
10 |-3|-3|-3|-1|3|-3/3|1|3|1|-3|-1|-1|-3/1|1)|3|1|-1/-3|3|1|3|-3 
11 |-3) 3 -1[3|1 |-1|-1/-1/3/|38/1/1]/1/83)838|1 [-3]-3]-1] 1 |-3] 1 | 3 |-3 
12 |3|-3|3|-1|-3|1|3|1 |-1|-1|-3|-1|3|-3|3|-1|-1|3|838 |-3|-3|3 |-3|-3 
13 |-3|3|-1/3|-1/|3|3|1|1|-3|1|3|-3|3 |-3|-3|-1|1 | 3 |-3|-1|-1|-3|-3 
14 |-3| 1 |-3|-1|-1]3|1|3|-3/1|-1/3|38|-1|-3|38 |-3|-1|-1|-3|-3|-3|3 |-3 
15 |-3|-1|-1|-3|1 |-3/-3]-1]-1) 3 |-1| 1 |-1| 3 | 1 |-3|-1 1] 1 |-1]-1]-3]-3 
16 |-3|-3|1 |-1] 3/3 |-3|-1 1 ]-1]-1] 1 | 1 |-1|-1/ 3 |-8| 1 |-3] 1 |-1]-1]-1]-3 
17 |3|-1/3]|-1/|1|-3|1]|1 |-3|-3|8 |-3|-1|-1|-1|-1|-1|-3|-3|-1|1|1 |-3|-3 
18 |-31 1 |-8| 1 |-3|-3|1 |-8| 1 |-3|-3|-3|-3|-3|1 |-3|-3|1|1|-3|1]|1 |-3|-3 
19 /-3]-3/3/3|1/-1/-11-1/] 1 /-3]-1] 1/-1] 3 |-3]-1]-3]-1]-1] 1 |-3] 8 |-1]-3 
20 |-3|-3|-1|-1|-1|-3|1 |-1]-3}-1| 3 |-3] 1 |-313 |-313 13 |1 [-1]-1] 1 |-3|-3 
21 |3 ]-1/ 1-1] 3 /-3] 1] 1) 3 ]-1]-3] 3] 1 |-3] 8 |-1]-1]-1]-1] 1 |-3|-3|-3|-3 
22 |-3|1 |-3|3|-3|1 |-3|3|1 |-1|-3|-1|-3|-3|-3|-3|1|3|-1/1|3|/|3|3|-3 
23 |-3|-|1|-3|]-42|-42|1|1]|1/|3]|3 |-4|1 [-1] 1 |-1|-1|-3|-3|-3|3|1 |-1|-3 
24 -3|3 |-1|-3|-1|-1|-1|3 |-1|-1|3|-3|-1|3|-3|3 |-3/-1] 3 111 |-1|-3|-3 
25 |-3| 1 |-1|-3|-3|-1|1 |-3]-1|-3|1] 1 |-12|1]1|3|3]|3 |-1| 1 |-1] 1 [-1]-3 
26 |-1|3|-1|-1|3|3|-1|-1/-1/|3|-1|-3|1/3|1|1 |-3|-3|-3|-1|-3|-1|-3|-3 
27 |3|-3|-3|-1|3|3|-3|-1]3|1|1/1|3|-1 -3|-1]3|-1|3|1|-1|-3|-3 
28 |-3|1|-3|1|-3|1|1|3|1 |-3|-3|-1|1|3|-1|-3|3|1|-1|-3|-3|-3|-3|-3 
29 |3|-3|-1|1 | 3 |-1|-1|-3|-1|38 |-1|-3|-1|-3|3|-1/3|1|1 [-3] 3 |-3|-3|-3 


5.2.3 Low-PAPR sequence generation type 2 


The low-PAPR sequence ae (n) is defined by a base sequence F, „(n) according to 


nos (n) — 5,,Q), 0O<n<M 


where M = mN&®/2° is the length of the sequence. 


Base sequences 7, , (n) are divided into groups, where u € (0,1, ...,29) is the group number and v is the base sequence 
number within the group, such that each group contains one base sequence (v = 0) of length M = mNT?/2?, 
1/2 € m/2?. The sequence f,» (0), ..., Tuv (M — 1) is defined by 


M-1 
x € ) 1 - (i) joe 
Le nj) = —— T, l)e M 
u, VM Za u, 
n z0,..,M-1 


where the definition of f,,,,(i) depends on the sequence length. 


5.2.3.1 Seguences of length 30 or larger 


For M > 30, the sequence f,,, (i) is obtained as the complex-valued modulations symbols resulting from 1/2-BPSK 
modulation as defined in clause 5.1.1 applied to the binary sequence c(i) given by clause 5.2.1, initialized with Cinit- 


5.2.3.2 Sequences of length less than 30 


For M = 6, the sequence f, (i) is given by 
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fv) = ei PODEJ, 0<i<M-1 
where the value of (i) is given by Table 5.2.3.2-1. 


For M € (12, 18, 24}, the sequence f, (i) is obtained as the complex-valued modulations symbols resulting from n/2- 
BPSK modulation as defined in clause 5.1.1 applied to the binary sequence b(i) given by Tables 5.2.3.2-2 to 5.2.3.2-4. 


Table 5.2.3.2-1: Definition of (i) for M = 6. 


pO), ..., 9 (5) 
-1[-7]-3[-5]-1 
3|3]|7 |:3|7]3 
34|3|1]5]|-1|-5 
7 |-3|-7|5 |-7]-3 
-7|-3| 1 
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Table 5.2.3.2-2: Definition of b(i) for M — 12. 


oO|r|-|Oo|-|-|O|O|-|O|O|O|O|r|=-|-|-|O|=|=-|=|=-|O|O|O|O|"-|=-|=—|— 
v— |v—- (z JO O rz |v JO jz [Ole iz iz iz jz O Oj z Oj vz z OOooorivz i— iz 
v—- T— (Z |OOOJOJOJOJOjz JO z J|OJO O Oj re (O JO jz z JO v ziv iz jOjJOjJO 
eee kai izi bari ai Kosa Tp Emm es kv bari ke a] ker ker a] al ai O al kake ke kai 
njrjSoj-|ojojojojojr r jojo rjojojojojojč ojojojojoj- - rjojojr 
R|-|o|l-|-|-lo|-lojo|-lojolo|-|-lojo|-|-|o|-|ojolo|-|-|-|-|o|- 
S|o|o|o|-|-|oo|o|-|ojojoloo|o|o|ojo|-|-|-|o|-|o|-|o|o|-|-|o 
Ojojojo|-|o|-|-lo|-|-|-|ojojojojolo|o|-lo|-|-|-|-|-|-|=|-|-|- 
O|O|O|O|O|r|O|O|-|-|=-|=-|O|O|O|O|-|O|O|O|"-|r-|-|=|=|=|=|=|=|= 
o|o|o|r|r|o|o|r|O|O|O|O|r|-|O|O|O|O|O|O|"-|-|-|rlo|=|r|=|=|= 
OSJO Ojv (v |v (O Ojr jv iz iz /— J|OOJOOOOjz OOJOJOOOJOOOJO 
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Table 5.2.3.2-3: Definition of b(i) for M — 18. 


v— -— T -oO|lo|[-|-7|-7|-7|-|O|-|oo|ioj-oocoj|j-'-''"—-|[-7|-/o|o|o|ojojo 
O|O|-|r|=|=-|=|=-|O|O|O|O|O|r|O|-|=-|-|O|=-|-|O|-|O|=|-|O|O|O|O 
O|O|-|O|=-|=-|-|O|O|O|O|O|"-|-|-|O|-|O|-|O|-|O|=|=-|=-|O|=|=-|—|=— 
O|-|-|-|-|O|-|O|O|O|O|-|O|O|-|-|O|O|=-|=|=|=-|O|O|O|O|O|r-|=—|— 
—|o|Oo|o|r|r|=|O|=|-|O|=|-|O|O|-|O|O|O|r|O|O|"r|O|r=|=-|O|O|O|O 
T [O rz |zJO z J|OJOJOJOJOjz iz |O z O jz JO OOoorjv- z oj ojoj- 
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Table 5.2.3.2-4: Definition of b(i) for M = 24 
(0), ..., b(23) 


olonia R/U|N/—- JO 8 


|" " J—J|OJOOJOJ— JO OJO "|[O|O|O|O|O|O|O|O|O|O|"|O|O|O|O|O|O 
—|O"" "|" "|O"|O "|OJO "JO|O|O|O|O|O "O "O a jajo ojojo 


O|a|OJ|OJaJ|a|OJJOOJOOJ | = | = JOJ "molo" "u MJO|O|O|O 
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0/0 
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01 
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01 
01 
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5:9 OFDM baseband signal generation 


5.3.1 OFDM baseband signal generation for all channels except PRACH 
and RIM-RS 


(p.u) 


The time-continuous signal 5; (t ) on antenna port p and subcarrier spacing configuration u for OFDM symbol 


le [0.1.... QNID Pn MEE 1} in a subframe for any physical channel or signal except PRACH is defined by 


slot 


zou 
d (t) — fi (t) Lote <t< Pd + Toti 
0 


otherwise 
size,u , RB 
Norid x sc -1 
E H size,u 
sr) > aP” Dl? (K+ o Nerig NS? /2 A (tM Ten) 
Ho starta y NSE Woe wee RB9ug-u 
ko m (itis 4 No 2 NS ES U grid,x +N grid,x /2 Nse a 
H 
Tsymb, = v (Ni T Nép) Te 


where t = 0 at the start of the subframe, 


NE 22048k- 2” 


512x-2” extended cyclic prefix 
Nép, =4144K:2” +16x normal cyclic prefix, | =0orl=7-2* 
144k-2 8 normal cyclic prefix, I z 0 and / z 7:2" 
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and 
- Af is given by clause 4.2; 
- 4 is the subcarrier spacing configuration; 


- Ug is the largest u value among the subcarrier spacing configurations by the higher-layer parameter scs- 
SpecificCarrierList. 


In case of cyclic prefix extension of the first OFDM symbol l allocated for PUSCH, SRS, or PUCCH transmission, the 


time-continuous signal sut ) (t) for the interval LAN vo Text St< ie , preceding the first OFDM symbol for 


PUSCH, SRS, or PUCCH is given by 
SRA (t) = spe (t) 


where t « 0 refers to the signal in the previous subframe and 


- for dynamically scheduled PUSCH, SRS, and PUCCH transmissions 


Tomin (max (Tu 0), D oni) 


Ci 
pet ) A zs 
Text cz pah Tybee 7-2H A; 


where A; is given by Table 5.3.1-1 with C, — 1 for u € (0,1), C, — 2 for u < 2, and C; and C, given by the 
higher-layer parameters cp-ExtensionC2-r16 and cp-ExtensionC3-r16, respectively, and Tra given by clause 
4.3.1. For contention-based random access, or in absence of higher-layer configuration of C; and C3, the value of 


C;shall be set to the largest integer fulfilling Text < T5 ub (l-1)mod7.2 for each of the values of i € {2,3}. 


- fora PUSCH transmission using configured grant 


2H 
= H —A. 
Text = Des Tng komod 7:24 Ai 


where A; is given by Table 5.3.1-2 with the index i given by the procedure in [6, TS 38.214]. 


The starting position of OFDM symbol / for subcarrier spacing configuration 4 in a subframe is given by 


1-20 
P ui =) u ( u u ) . 
UU sang t Nu * Nepi) Te otherwise 


Table 5.3.1-1: The variables C; and A; for cyclic prefix extension 


Tex index i Ci Ai 
1 C, 25-1076 
2 Ć 16-1075 + Tra 
3 C3 25 5 1075 + Tra 
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Table 5.3.1-2: The variable A; for cyclic prefix extension with configured grants. 


index i A; 


Qu 


TE 
peš symb,(L-k)mod 7:24 


O01 A CO] PO} +) © 
u1 
N 
m 
© 
ES 


5.3.2 | OFDM baseband signal generation for PRACH 


The time-continuous signal 5 : a (t ) on antenna port p for PRACH is defined by 


sni) (t) = ) a PRA gl 2n Ka +h)Af A (t-NEPITe-tsian) 


k=0 
K = Af / Mna l 
— |" start Star, Y „RB start vy RB RA xy RB size,u „,RB 
k, = ko + (Nie; — Naga” INEP RA NIŠ + nga NRSNRP — Naga” NRB /2 
Hoe start, size, RB start, Size, RB5u-H 
ko = (Neva + Novia /2)NS B ON +N uia /2) ns 20 
where ti, <t< RA (v, + NOI Jr. and 


- kis given by clause 6.3.3; 


- Af is the subcarrier spacing of the initial uplink bandwidth part during initial access. Otherwise, Af is the 
subcarrier spacing of the active uplink bandwidth part; 


- ois the largest u value among the subcarrier spacing configurations by the higher-layer parameter scs- 
SpecificCarrierList; 


- N BWPi is the lowest numbered resource block of the initial uplink bandwidth part and is derived by the higher- 


layer parameter initial UplinkBWP during initial access. Otherwise, Newei is the lowest numbered resource 


block of the active uplink bandwidth part and is derived by the higher-layer parameter BWP- Uplink; 


- ng" is the frequency offset of the lowest PRACH transmission occasion in frequency domain with respect to 


start 


physical resource block 0 of the active uplink bandwidth part. The quantity nga is given by the higher-layer 
parameter frequencyStartMsgA-P USCH if configured and a type-2 random-access procedure is initiated as 
described in clause 8.1 of [5, TS 38.213], otherwise by msg1-FrequencyStart as described in clause 8.1 of [5 TS 
38.213]; 


- Mpa is the PRACH transmission occasion index in frequency domain for a given PRACH transmission occasion 
in one time instance as given by clause 6.3.3.2; 


- N I is the number of resource blocks occupied and is given by the parameter allocation expressed in number of 
RBs for PUSCH in Table 6.3.3.2-1. 


-  Lg4 and N, are given by clause 6.3.3 
- NG = N& + n+ 16k where 


- for Afga € {1.25,5}kHz ,n=0 
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- for Afga € 415,30,60,120 kHz , n is the number of times the interval [tE^., tare + (NRA + NG2)T,) 


overlaps with either time instance 0 or time instance (Af „ax N; /2000)-7, < 0.5 ms in a subframe 


The starting position tR4., of the PRACH preamble in a subframe (for Afg, € 1125; 5,15, 30] kHz ) or in a 60 kHz slot 
(for Af,, € [60,120] kHz ) is given by 


RA | „u 
start ^ “start,/ 


t 


. (o 1-0 
t = 
tat ten £(NE£NE,,,):T, otherwise 


start ,/—1 c 


where 
- the subframe or 60 kHz slot is assumed to start at t — 0; 
- a timing advance value Ny, = O shall be assumed; 
- NË and Nbi- are given by clause 5.3.1; 
- 4=0Q shall be assumed for Afra € {1.25, 5} kHz, otherwise it is given by Afra € {15, 30, 60, 120} kHz and the 
symbol position / is given by 
l = lo + nn + (Anji 


where 
- _ l, is given by the parameter "starting symbol" in Tables 6.3.3.2-2 to 6.3.3.2-4; 


RA 


- nA, is the PRACH transmission occasion within the PRACH slot, numbered in increasing order from 0 to 


NF^** —1 within a RACH slot where NE^" is given Tables 6.3.3.2-2 to 6.3.3.2-4 for Ly, € (139,571,1151) 
and fixed to 1 for L,, = 839; 


RA 
z N dur 


is given by Tables 6.3.3.2-2 to 6.3.3.2-4; 
- nk is given by 


- if Afza € (1.25, 5, 15, 60) kHz, then n^ <0 


slot 


- if Afra € (30,120) kHz and either of "Number of PRACH slots within a subframe" in Tables 6.3.3.2-2 to 
6.3.3.2-3 or "Number of PRACH slots within a 60 kHz slot" in Table 6.3.3.2-4 is equal to 1, then ny, <1 


slot 


- otherwise, ne 10. 1) 


slot 


If the preamble format given by Tables 6.3.3.2-2 to 6.3.3.2-4 is AI/B1, A2/B2 or A3/B3, then 


SEI = NS slot L 1, then the PRACH preamble with the corresponding PRACH preamble format from B1, B2 
and B3 is transmitted in the PRACH transmission occasion; 


- otherwise the PRACH preamble with the corresponding PRACH preamble format from A1, A2 and A3 is 
transmitted in the PRACH transmission occasion 


5.9.8 OFDM baseband signal generation for RIM-RS 


The time-continuous signal sP” 4 (t) on antenna port p for RIM-RS is defined by 


i RIM 
gro (t) — bye gu NL: RO 


where 
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RIM RIM RIM RIM 
tstart,lo <t< tstart,lo + (NI + Ncp yi 


NEM = 2 . 2048x - 27" 


RIM — RIM RIM 
Nep amd N£P,lo + Nep; 


ne 0 if lo — AS —1 
lg +1 otherwise 


and 
- Afpim = 15-2" kHz where u € (0,1) is the subcarrier spacing configuration for the RIM-RS; 
- k, is the starting frequency offset of the RIM-RS as given by clause 7.4.1.6.4.3; 


- Lgw = 12NÀ is the length of the RIM-RS sequence where NÈM is the bandwidth of the RIM-RS in resource 
blocks; 


- lg is the starting symbol given by clause 7.4.1.6.3; 


. tRIM 


starlg = bia is given by clause 5.3.1 with l = lg; 


- A = Néb is given by clause 5.3.1 with l = lọ. 


5.4 Modulation and upconversion 


Modulation and upconversion to the carrier frequency fo of the complex-valued OFDM baseband signal for antenna 


port p, subcarrier spacing configuration u, and OFDM symbol / in a subframe assumed to start at t = 0 is given by 
- for PRACH 
Refs” (einh) 
- for RIM-RS 
Re Eig (peri Gora NE) 
where fRÈ™ is the configured reference point for RIM-RS; 


- for all other channels and signals 


Rejs p.) (r) w J27fo (ti -Nęp.Te ^ 


6 Uplink 


6.1 Overview 


6.1.1 Overview of physical channels 


An uplink physical channel corresponds to a set of resource elements carrying information originating from higher 
layers. The following uplink physical channels are defined: 


- Physical Uplink Shared Channel, PUSCH 


- Physical Uplink Control Channel, PUCCH 
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- Physical Random Access Channel, PRACH 


6.1.2 Overview of physical signals 


An uplink physical signal is used by the physical layer but does not carry information originating from higher layers. 
The following uplink physical signals are defined: 


- Demodulation reference signals, DM-RS 
-  Phase-tracking reference signals, PT-RS 


- Sounding reference signal, SRS 


6.2 Physical resources 


The frame structure and physical resources the UE shall use when transmitting in the uplink transmissions are defined 
in Clause 4. 


The following antenna ports are defined for the uplink: 
- Antenna ports starting with 0 for demodulation reference signals for PUSCH 
- Antenna ports starting with 1000 for SRS, PUSCH 
- Antenna ports starting with 2000 for PUCCH 
- Antenna port 4000 for PRACH 


If intra-slot frequency hopping is not enabled by higher layer parameter for a physical channel, the UE transmission 
shall be such that the channel over which a symbol on the antenna port used for uplink transmission is conveyed can be 
inferred from the channel over which another symbol on the same antenna port is conveyed if the two symbols 
correspond to the same slot. 


If intra-slot frequency hopping is enabled by higher layer parameter for a physical channel, the UE transmission shall be 
such that the channel over which a symbol on the antenna port used for uplink transmission is conveyed can be inferred 
from the channel over which another symbol on the same antenna port is conveyed only if the two symbols correspond 
to the same frequency hop, regardless of whether the frequency hop distance is zero or not. 


6.3 Physical channels 


6.3.1 Physical uplink shared channel 


6.3.1.1 Scrambling 


For the single codeword g < 0, the block of bits ba (0), 3) b')(mMj? — 1), where mP is the number of bits in 
codeword q transmitted on the physical channel, shall be scrambled prior to modulation, resulting in a block of 
scrambled bits 5 (0), ..., b (Mo — 1) according to the following pseudo code 


Seti<0 
da; (q) 
while i < Mię 
if b (i) =x // UCI placeholder bits 
b?()21 
else 


if b (i) < y // UCI placeholder bits 
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po (i) = po (i-1) 
else 
b 9 (i) =(6 @+e @)mod2 
end if 
end if 
izitl 
end while 


where x and y are tags defined in [4, TS 38.212] and where the scrambling sequence c(i) is given by clause 5.2.1. 
The scrambling sequence generator shall be initialized with 


Cinit 


dud : 216 + NRAPID ' 210 + Nip for msgA on PUSCH 
nari: 27 + Typ otherwise 


where 


- Ape 40,1,...,1023] equals the higher-layer parameter dataScramblingldentityPUSCH if configured and the RNTI 


equals the C-RNTI, MCS-C-RNTI, SP-CSI-RNTI or CS-RNTI, and the transmission is not scheduled using DCI 
format 0_0 in a common search space; 


- Mp € (0,1, ...,1023} equals the higher-layer parameter msgA-dataScramblingldentity if configured and the 


PUSCH transmission is triggered by a Type-2 random access procedure as described in clause 8.1A of [5, TS 
38.213]; 


— azcell : 
- np-7N;g otherwise 


- Mpapip is the index of the random-access preamble transmitted for msgA as described in clause 5.1.3A of [11, TS 
38.321] 


and where npyqr equals the RA-RNTI for msgA and otherwise corresponds to the RNTI associated with the PUSCH 
transmission as described in clause 6.1 of [6, TS 38.214] and clause 8.3 of [5, TS 38.213]. 


6.3.1.2 Modulation 


For the single codeword g =0, the block of scrambled bits b(0), iy b@ (MO — 1) shall be modulated as described 
in clause 5.1 using one of the modulation schemes in Table 6.3.1.2-1, resulting in a block of complex-valued 
modulation symbols d? (0), ..., q( (MŚ, — p. 


Table 6.3.1.2-1: Supported modulation schemes. 


Transform precoding disabled Transform precoding enabled 
Modulation scheme Modulation order Q,, Modulation scheme | Modulation order On 
T/2-BPSK 1 
QPSK 2 QPSK 2 
16QAM 4 16QAM 4 
64GAM 6 64QAM 6 
256QAM 8 256QAM 8 
6.3.1.3 Layer mapping 


For the single codeword q <0, the complex-valued modulation symbols for the codeword to be transmitted shall be 
mapped onto up to four layers according to Table 7.3.1.3-1. Complex-valued modulation symbols 
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d? (0), ..., dd (MS, — 1) for codeword q shall be mapped onto the layers x(i) = [xO (i) .. xd], i = 
0,1,. sM — 1 where v is the number of layers and My, i is the number of modulation symbols per layer. 
6.3.1.4 Transform precoding 


If transform precoding is not enabled according to 6.1.3 of [6, TS38.214], y^ (i) < x? (i) for each layer 
A=0,1,..,0-1. 


If transform precoding is enabled according to 6.1.3 of [6, TS38.214],v = 1 and x?(i) depends on the configuration 


of phase-tracking reference signals. 


If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are not being used, the block of 
complex-valued symbols x (0), ...,x'9 (uos — 1) for the single layer A = 0 shall be divided into Ma MENOR 


mb 


sets, each corresponding to one OFDM symbol and 3? (i) = x? (i). 


If the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used, the block of complex- 


valued symbols x (0), ..., x (MS — 1) shall be divided into sets, each set corresponding to one OFDM symbol, 


and where set / contains M S" — g, NSW N?TRS symbols and is mapped to the complex-valued symbols 


samp group 


ZO(LMYSH + i") corresponding to OFDM symbol / prior to transform precoding, with i’ € (0,1,..., MĘUSCH — 1) and 
i +m . The index m of PT-RS samples in set / , the number of samples per PT-RS group NEP 


samp » and the number of 


PT-RS groups Ni are defined in clause 6.4.1.2.2.2. The quantity e, <1 when OFDM symbol / contains one or more 
PT-RS samples, otherwise £, <0. 


Transform precoding shall be applied according to 


MPUSCH | . 2zik 


sę -J PUSCH 
~(0 PUSCH . M, 
Q, ZP MIT gije M 


iz0 


1 


PUSCH 
Mi. 


y? (CMF +k)= 


k 2 0,.., MS.) 
„M layer [Mè PUSCH . 


symb 


resulting in a block of complex-valued symbols y (0), ..., y (MS — 1). The variable M PUSH = jf RESCH , RB. 


where MÈ HM H represents the bandwidth of the PUSCH in terms of resource blocks, and shall fulfil 
MIU = 2% | 395 .505 

where a,,4;,4; is a set of non-negative integers. 

6.3.1.5 Precoding 


(0) e; (0-1) p; T DE layer . 
The block of vectors |y ^ (2) ... y (| , i=0,1,..., M —1 shall be precoded according to 


symb 
zo (i) yo (i) 
: =W : 
z Pra ) (i) yor (i) 
where i= 0,1,..., M "4-1, M symb =M Sub The set of antenna ports {Po = no it shall be determined according to the 


procedure in [6, TS 38.214]. 


For non-codebook-based transmission, the precoding matrix W equals the identity matrix. 
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For codebook-based transmission, the precoding matrix W is given by W < 1 for single-layer transmission on a single 
antenna port, otherwise by Tables 6.3.1.5-1 to 6.3.1.5-7 with the TPMI index obtained from the DCI scheduling the 


uplink transmission or the higher layer parameters according to the procedure in [6, TS 38.214]. 


When the higher-layer parameter txConfig is not configured, the precoding matrix W = 1. 


Table 6.3.1.5-1: Precoding matrix W for single-layer transmission using two antenna ports. 


TPMI index W 
(ordered from left to right in increasing order of TPMI index) 


MIE EPI EVE SIN 


Table 6.3.1.5-2: Precoding matrix W for single-layer transmission using four antenna ports with 
transform precoding enabled. 


TPMI index W 
(ordered from left to right in increasing order of TPMI index) 
[1] 0 [0] 0 1 1 1 [1] 
TR 1/0 11 1/0 1/0 1/0 1} 0 10| | 1] 0 
210 2/0 2|1 2:0 2/1 2|-1 2| j dej 
[0 | 0 [0 | 1 0 0 0 LO | 
[o] 0 [o] [0] [1] 1 [1] [1] 
111 1/ 1 1/1 1| 1 1} 1 1/1 1 1 1/ 1 
$755 | slo] |zlo|| 20, 2,0 12 1]| 2 j| | 2]-1] | 2|-j 
EN -1 LJ] Ex | LH j LIJ [z 
[1 1 [1 [1] [1] 1 [1] [1] 
ee | n Taj Jaz kale SE o et | jel, eire 
2:1 2j 2|-1 2|-j 2| 1 2| j 2|-1 2|-j 
LJ 1 BA soe e Ek zd EA LJ 
1 1 PAG Ta] 
TR PE PE EAE - - - : 
2| 1 2| j 2|-1 2|-j 
-j -1 LJ |1 


ETSI 


3GPP TS 38.211 version 16.2.0 Release 16 35 ETSI TS 138 211 V16.2.0 (2020-07) 


Table 6.3.1.5-3: Precoding matrix W for single-layer transmission using four antenna ports with 
transform precoding disabled. 


TPMI index W 
(ordered from left to right in increasing order of TPMI index) 
[1] 0 [0] 0 [1] 1 1 LB! 
TT 1/0 HE 1/0 1/0 1/0 1|0 10 1} 0 
2/0 2/0 2/1 2/0 2/1 2,5] 2S -j 
[0 | 0 [0 | 1 [0 | 0 0 | 0 | 
[0] [0] [0] [0] [1] 1 [1] [1] 
1|1 1| 1 1} 1 1| 1 1/1 1/1 1| 1 1| 1 
8-55 | 20] [2]0 | 210 |zlo|| 21 | 2]j| | 2-1] | 2]-j 
EN L-1] Ej L-i] LIJ j EE E 
[1] [1] [1] [1] 1 1 [1] [1] 
"XE GEILE ELE Mare LE ENE EL ET 
2/1 2| j 2/ -l 2|-j 2|1 2| j 2/-l 2|-j 
LJ [-1 L-J] | LI] -1 -j LIJ| Li 
1 1 [1] [1] 
M EI KE PUES m - - - - 
2| 1 2| j 2|-1| | 23 
-j 1 | i | | -1 


Table 6.3.1.5-4: Precoding matrix W for two-layer transmission using two antenna ports with 
transform precoding disabled. 


TPMI index W 
(ordered from left to right in increasing order of TPMI index) 


(RE lo i Hi s] i z 
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Table 6.3.1.5-5: Precoding matrix W for two-layer transmission using four antenna ports with 
transform precoding disabled. 


TPMI index W 
(ordered from left to right in increasing order of TPMI index) 
[1 0] [1 0] 1 0 [0 0] 
10 1 100 10 110 
PR 2/0 0 2/0 1 2/0 0 2/0 1 
[0 0| [0 0| 0 1 [0 0| 
[0 0] [0 o0] 1 0 [1 0] 
110 100 1/0 1 1/0 1 
d 2/0 0 21% 2d 0 2/1 0 
[0 1| [0 1| 0 -j [0 j| 
1 0 0 1 0 1 0 
110 1 1/0 1 1/0 1 1 1 
sm 2ļl-j 0 2ļ-j 0 żl=1 0 2-1 0 
0 1 0 -1 0 -j j 
1 0 1 0 1-1 1 4 
1|0 1 1/0 1 ipu piu. 
12-15 =| — —— p RUM 
2|j 0 2|j 0 2421 -1 242 j -j 
0 0 -1 1 -1 j -j 
1 1 bi b d 1 1l 
16-19 Au ZE. "RAB: ea 
21 sl W2| j -j 2421 -1 242^| Gey 
jJ =j -l 1 -1 1 -j j 
1 1 p vi 
] Spy 1 pcr 
20 - 21 Sus ed SS us : z 
čijo -J 1 -1 


Table 6.3.1.5-6: Precoding matrix W for three-layer transmission using four antenna ports with 
transform precoding disabled. 


TPMI W 
index (ordered from left to right in increasing order of TPMI index) 
100 100 1 00 1 1 1 
110 1 0 110 1 0 110 1 0 1 1-1 1 
uči 2|0 0 1 2/1 0 0 2-100 A4 1 -1 
000 00 1 0 0 1 1 -l -l 
1 1 1 1 1 1 1 1 1 
1/1 -1 1 1 |-11 -1 1 |-1 1 -1 
"PR | 285 = al [as e cbe] | Bai ge Fy 
j -j -j -1 1 1 ed gg 
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Table 6.3.1.5-7: Precoding matrix W for four-layer transmission using four antenna ports with 
transform precoding disabled. 


TPMI W 
index (ordered from left to right in increasing order of TPMI index) 
1000 1 1 0 1 1 0 0 1 1 1 1 
js 1/0 10 0 110 0 1 1 l0 0 1 1 Ill -1 1 -1 
Hi 20010 242|1 -1 O sqm gud 41 1 -1 -1 
0001 0 0 1 -1 0 0 j a9 Peleti 
pod 1 1 
Ilil -1 1 -1 
4 np "HD - - - 
D ME NE Z 
JOSJ -SJ 
6.3.1.6 Mapping to virtual resource blocks 


For each of the antenna ports used for transmission of the PUSCH, the block of complex-valued symbols 


zP? (eer z P (M | 


symb —1) shall be multiplied with the amplitude scaling factor Bpuscy in order to conform to the 


transmit power specified in [5, TS 38.213] and mapped in sequence starting with z (0) to resource elements (kl) 


in the virtual resource blocks assigned for transmission which meet all of the following criteria: 
- they are in the virtual resource blocks assigned for transmission, and 


- the corresponding resource elements in the corresponding physical resource blocks are not used for transmission 
of the associated DM-RS, PT-RS, or DM-RS intended for other co-scheduled UEs as described in clause 
6.4.1.1.3 


The mapping to resource elements (k’, [),,,, allocated for PUSCH according to [6, TS 38.214] shall be in increasing 
order of first the index k' over the assigned virtual resource blocks, where k' — 0 is the first subcarrier in the lowest- 
numbered virtual resource block assigned for transmission, and then the index / , with the starting position given by [6, 
TS 38.214]. 


6.3.1.7 Mapping from virtual to physical resource blocks 


Virtual resource blocks shall be mapped to physical resource blocks according to non-interleaved mapping. 


For non-interleaved VRB-to-PRB mapping, virtual resource block n is mapped to physical resource block n except for 
PUSCH scheduled by RAR UL grant or PUSCH scheduled by DCI format 0 0 with CRC scrambled by TC-RNTI in 
active uplink bandwidth part i starting at NĘWP.i> including all resource blocks of the initial uplink bandwidth part 
starting at Ngwpo. and having the same subcarrier spacing and cyclic prefix as the initial uplink bandwidth part, in 


which case virtual resource block n is mapped to physical resource block n + Ngko — BWP.i- 


6.3.2 Physical uplink control channel 


6.3.2.1 General 


The physical uplink control channel supports multiple formats as shown in Table 6.3.2.1-1. In case intra-slot frequency 
hopping is configured for PUCCH formats 1, 3, or 4 according to clause 9.2.1 of [5, TS38.213], the number of symbols 


in the first hop is given by | v PUCCA 6 2] where N R is the length of the PUCCH transmission in OFDM symbols. 
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Table 6.3.2.1-1: PUCCH formats. 


PUCCH format Length in OFDM symbols Number of bits 
Nan 
0 1-2 <2 
1 4-14 s2 
2 1-2 >2 
3 4-14 >2 
4 4-14 22 


6.3.2.2 Sequence and cyclic shift hopping 


PUCCH formats 0, 1, 3, and 4 use sequences p (n) given by clause 5.2.2 with ó — 0 where the sequence group u 
and the sequence number v depend on the sequence hopping in clause 6.3.2.2.1 and the cyclic shift a depends on the 
cyclic shift hopping in clause 6.3.2.2.2. 


6.3.2.2.1 Group and sequence hopping 


The sequence group u — ( fon + fo) mod 30 and the seguence number v within the group depends on the higher-layer 
parameter pucch-GroupHopping: 


- ifpucch-GroupHopping equals 'neither' 


fa "o 
fa = nmp Mod 30 
v=0 


where nyp is given by the higher-layer parameter hoppingld if configured, otherwise ny = Np 


- if pucch-GroupHopping equals 'enable' 


Ja = (x), „2”e(8(2nt, + Thap )* m))mod30 
fg = ny, mod 30 
v=0 


where the pseudo-random sequence c(i) is defined by clause 5.2.1 and shall be initialized at the beginning of 
each radio frame with cj, = [np / 30 | where nyp is given by the higher-layer parameter hoppingld if 


configured, otherwise ny = Ng". 
- ifpucch-GroupHopping equals 'disable' 
Ja = 0 
f, = Mp mod 30 


v=c(2nk dop) 


where the pseudo-random seguence c(i) is defined by clause 5.2.1 and shall be initialized at the beginning of 
each radio frame with cj, = 2"|nm/30] + (np mod 30) where mp is given by the higher-layer parameter 
hoppingld if configured, otherwise nip = NE". 

The frequency hopping index n,,, = 0 if intra-slot frequency hopping is disabled by the higher-layer parameter 


intraSlotFrequencyHopping. If frequency hopping is enabled by the higher-layer parameter 
intraSlotFrequencyHopping, n,,, <0 for the first hop and n,, =1 for the second hop. 
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6.3.2.2.2 Cyclic shift hopping 
The cyclic shift a varies as a function of the symbol and slot number according to 
27 
aj = NRB (m. t Mes + Mint + UN CE + r)) mod nes) 


where 
- ne , is the slot number in the radio frame 


- lis the OFDM symbol number in the PUCCH transmission where l = 0 corresponds to the first OFDM symbol 
of the PUCCH transmission, 


- l'isthe index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PUCCH 
transmission in the slot given by [5, TS 38.213] 


- mọ is given by [5, TS 38.213] for PUCCH format 0 and 1 while for PUCCH format 3 and 4 is defined in clause 
6.4.1.3.3.1 


- m =0 except for PUCCH format 0 when it depends on the information to be transmitted according to clause 
9.2 of [5, TS 38.213]. 


- Mp iS given by 


- My = ica for PUCCH formats 0 and 1 if PUCCH shall use interlaced mapping according to any of the 
higher-layer parameters uselnterlacePUCCH-PUSCH in BWP-UplinkCommon or uselnterlacePUCCH- 
PUSCH in BWP-UplinkDedicated, where nirp is the resource block number within the interlace; 


- Myy = 0 otherwise 


The function n,,(n,,/) is given by 


nes(ni, l) — p 2^ c(8NS n. + 81+ m) 


sym 


where the pseudo-random sequence c(i) is defined by clause 5.2.1. The pseudo-random sequence generator shall be 


initialized with cj, = yp Where nyp is given by the higher-layer parameter hoppingld if configured, otherwise np = 


Ng". 
6.3.2.3 PUCCH format 0 


6.3.2.3.1 Sequence generation 


The sequence x(n) shall be generated according to 


xt -NRP + "E Hum (n) 
n=0,1,..,NĘ? -1 
R | for single-symbolPUCCH transmission 


0,1 for double- symbol PUCCH transmission 


where Don (n) is given by clause 6.3.2.2 with m,, depending on the information to be transmitted according to clause 


9.2 of [5, TS 38.213]. 


6.3.2.3.2 Mapping to physical resources 


The sequence x(n) shall be multiplied with the amplitude scaling factor Bpyccy in order to conform to the transmit 


power specified in [5, TS 38.213] and mapped in sequence starting with x(0) to resource elements (k, l), ,, assigned 
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for transmission according to clause 9.2.1 of [5, TS 38.213] in increasing order of first the index k over the assigned 
physical resources spanning one resource block, and then the index / on antenna port p < 2000. 


For interlaced transmission, the mapping operation shall be repeated for each resource block in the interlace and in the 
active bandwidth part over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], with the 
resource-block dependent seguence generated according to clause 6.3.2.2. 


6.3.2.4 PUCCH format 1 


6.3.2.4.1 Sequence modulation 


The block of bits b(O),...,b(M y, —1) shall be modulated as described in clause 5.1 using BPSK if Mj, =1 and QPSK 
if My, = 2, resulting in a complex-valued symbol d(0). 


The complex-valued symbol d(0) shall be multiplied with a sequence ue» (n) according to 


y(n) z 4(0): 1% (n) 
n =0,1,..., NEP =1 


where nom (n) is given by clause 6.3.2.2. The block of complex-valued symbols y(0),..., y(N - —1) shall be block- 


wise spread with the orthogonal sequence w;(m) according to 


alm’ RB NEE +mN È? +n)= w;(m)- y(n) 
n=0,1,..., NRP -1 


PUCCH,1 
m=0,1,..., NEECEI] 


, |O  nointra-slotfrequency hopping 
m = 
0,1 intra -slot frequency hopping enabled 
where NS is given by Table 6.3.2.4.1-1. Intra-slot frequency hopping shall be assumed when the higher-layer 


parameter intraSlotFrequencyHopping is provided, regardless of whether the frequency-hop distance is zero or not, and 
interlaced mapping is not enabled, otherwise no intra-slot frequency hopping shall be assumed. 


The orthogonal sequence w;(m) is given by Table 6.3.2.4.1-2 where i is the index of the orthogonal sequence to use 
according to clause 9.2.1 of [5, TS 38.213]. In case of a PUCCH transmission spanning multiple slots according to 
clause 9.2.6 of [5, TS38.213], the complex-valued symbol d (0) is repeated for the subsequent slots. 


Table 6.3.2.4.1-1: Number of PUCCH symbols and the corresponding NEYS! , 


SF,m 


PUCCH length, Ny PUCCH.I 
N PUCCH,1 SF,m 
symb No intra-slot hopping Intra-slot hopping 


m <0 m <0 m =1 


NI} | >] 01) 01) | BY] Go] Co] PO | PO 
09] 09/09] no PO] PIP | — | a] 
AJW 9/09/09 DO | PO] PO | PO] 9| — 
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Table 6.3.2.4.1-2: Orthogonal sequences w, (m) = e P NSE - for PUCCH format 1. 
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PUCCH,1 
Vsi i=0 i=1 i=2 i=3 i=4 i=5 i=6 

1 [0] - - - - - - 

2 [0 0] [0 1] - - - - - 

3 [0 0 0] [0 1 2] [0 2 1] - - - - 

4 [0000] [0 2 0 2] [0 0 2 2] [0 2 2 0] - - - 

5 [00000] [01234] [0 2 4 1 3] [0 3 1 4 2] [0 4 3 2 1] - - 

6 [000000] |[012345] |[024024] |[030303] |[042042] |[054321] l- 

7 [0000000] |[0123456] |[0246135] |[0362514] |[0415263] |[[0531642] [0654392 1] 
6.3.2.4.2 Mapping to physical resources 


The sequence z(n) shall be multiplied with the amplitude scaling factor Bp4ccg,, in order to conform to the transmit 


power specified in [5, TS 38.213] and mapped in sequence starting with z(n) to resource elements (k, I); ,, which meet 
all of the following criteria: 


- they are in the resource blocks assigned for transmission according to clause 9.2.1 of [5, TS 38.213], 
- they are not used by the associated DM-RS 


The mapping to resource elements (k, [),,,, not reserved for other purposes shall be in increasing order of first the index 
k over the assigned physical resource block, and then the index / on antenna port p < 2000. 


For interlaced transmission, the mapping operation shall be repeated for each resource block in the interlace and in the 
active bandwidth part over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], with the 
resource-block dependent sequence generated according to clause 6.3.2.2. 


6.3.2.5 PUCCH format 2 


6.3.2.5.1 Scrambling 


The block of bits b(0), ..., (My — 1), where My is the number of bits transmitted on the physical channel, shall be 
scrambled prior to modulation, resulting in a block of scrambled bits b(0), ..., b(M,;, — 1) according to 


b(i) = (b(i) + c(i)) mod 2 


where the scrambling sequence c'9(i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized 
with 


Cjnit = Mann * 27? + mp 
where 
- Ape 40,1,...,1023] equals the higher-layer parameter dataScramblingldentityPUSCH if configured, 


cell 


- np = Mp otherwise 


and ngyri is given by the C-RNTI. 


6.3.2.5.2 Modulation 


The block of scrambled bits b(0), ..., b(Mpit — 1) shall be modulated as described in clause 5.1 using QPSK, resulting 
in a block of complex-valued modulation symbols d(0), ..., d(Msymb — 1) where Msymb = Mpit/2- 
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6.3.2.5.2A Spreading 


Spreading shall be applied according to 


z(mNz 2 + i) = w,(i)d(m) 


e PUCCH,2 
SO let, PES 


m <01,..,M, we — 1 


resulting in a block of complex-valued symbols z(0), ..., z(NsĘ SE MO —1). 


If the higher layer parameter interlacel is not configured, and the higher-layer parameter OCC-Length-r16 is 
configured, 


- New CCH2 € (2,4) is given by the higher-layer parameter OCC-Length-r16; 


- wW,(i) is given by Tables 6.3.2.5A-1 and 6.3.2.5A-2 where n = (ny + Ng) mod Noe oe; the quantity n, is the 
index of the orthogonal sequence to use given by the higher-layer parameter OCC-Index-r16, and nypp is the 
interlaced resource block number as defined in clause 4.4.4.6 within the interlace given by the higher-layer 
parameter Interlace0. 


otherwise NOR = 1 and w,(i) = 1. 
Table 6.3.2.5A-1: Orthogonal sequences w, (i) for PUCCH format 2 when Nevo"? = 2. 
n Wn(i) 
0 [+1 +1] 
1 [+1 -1] 


Table 6.3.2.5A-2: Orthogonal sequences w, (i) for PUCCH format 2 when NEUCC"? = 4. 


n w(i) 

0 [+1 +1 +1 +1] 

1 [+1 -1 41 -1] 

2 [+1 +1 -1 -1] 

3 [+1 -1 -1 +1] 
6.3.2.5.3 Mapping to physical resources 


The block of complex-valued symbols z(0), ..., z(NSĘ SPEM EE — 1) shall be multiplied with the amplitude scaling 


factor Bpyceu2 in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting 


with z(0) to resource elements (k, I); ,, which meet all of the following criteria: 
- they are in the resource blocks assigned for transmission, 
- they are not used by the associated DM-RS. 


The mapping to resource elements (k, [),,,, not reserved for other purposes shall be in increasing order of first the index 
k over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], and then the index / on 
antenna port p — 2000. 


6.3.2.6 PUCCH formats 3 and 4 


6.3.2.6.1 Scrambling 


The block of bits b(0), ..., b(Mpit — 1), where My is the number of bits transmitted on the physical channel, shall be 
scrambled prior to modulation, resulting in a block of scrambled bits b(0), ..., b(M,;, — 1) according to 


bi) = (b(i) + c(i)) mod 2 
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where the scrambling sequence c(i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized 
with 
Cjnit = Mann * 27? + mp 
where 
- Ape 40,1,...,1023] equals the higher-layer parameter dataScramblingldentityPUSCH if configured, 
- my = NS! otherwise 


and ngyri is given by the C-RNTI. 


6.3.2.6.2 Modulation 


The block of scrambled bits b(0), ..., b(Mpit — 1) shall be modulated as described in clause 5.1 using QPSK unless z/2- 
BPSK is configured, resulting in a block of complex-valued modulation symbols d(0), ..., d(Msymp — 1) where 
Msymb = Mbit/2 for QPSK and Msymb = My; for 1/2-BPSK. 


6.3.2.6.3 Block-wise spreading 


For both PUCCH format 3 and 4, My" = MPUCCISNRB. with MPUCCU5 representing the bandwidth of the PUCCH in 
terms of resource blocks according to clauses 9.2.3, 9.2.5. d and 9.2. 5. 2 of [5, TS 38.213] and shall for non-interlaced 
mapping fulfil 


M BUCH — 2% .3% .5% for PUCCH format3 
1 for PUCCH format4 


where x,,4;,4; is a set of non-negative integers and se B. 4]. For interlaced mapping, M, MIC E 


PUCCH.3 


— 10 if a single 


interlace is configured and Mp, — 20 if two interlaces are configured. 


For PUCCH format 3, if interlaced mapping is not configured, no block-wise spreading is applied and 


lim PUCCHS + 5) = aqu PUCHS +5) 
k =0,1,.., M RIC —1 
ria (u esf ena. 1 


where Mpe ^? > 1 is given by clauses 9.2.3, 9.2.5.1 and 9.2.5.2 of [5, TS 38.213] and Ng"? = 1. 


For PUCCH format 3 with interlaced mapping and PUCCH format 4, block-wise spreading shall be applied according 
to 


PUCCH,s PUCCH,s PUCCH,s 
PUCCH,s = SF sc 
y(iM; + k) zen (b zr || d ( p Us + k mod maa z) 


sc SF SF 
Ms 
k <0,1,. 8 —1 


l= 0,1, bee "(Nico Mk Mae) —1 


where 


- for PUCCH format 3 with interlaced mapping, Ng, <P? 


PUCCH,3 
Ne; 


€ {1,2,4} if a single interlace is configured and 
= 1, w, = 1 if two interlaces are S Dru: 


- for PUCCH format 4,Mpg ^^^ = 1, NP € (2,4); 


and w, is given by Tables 6.3.2.6.3-1 and 6.3.2.6.3-2 for Ne > 1 where n is the index of the orthogonal seguence 
to use according to clause 9.2.1 of [5, TS 38.213]. 
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Table 6.3.2.6.3-1: Orthogonal sequences w, (m) for PUCCH format 3 with interlaced mapping and 
PUCCH format 4 when Ng" = 2. 


n W, 
0 [+1 +1] 
1 [+1 -i] 


Table 6.3.2.6.3-2: Orthogonal sequences w, (m) for PUCCH format 3 with interlaced mapping and 
PUCCH format 4 when N;;"" = 4. 


Wn 
0 [+1 +1 +1 +1] 
1 [+1 -j -1 +j] 
2 [+1 -1 +1 -1] 
3 [Hi + -1 vj] 
6.3.2.6.4 Transform precoding 


The block of complex-valued symbols y(0), ..., YN Mi — 1) shall be transform precoded according to 


MPUCCH.s 4 . 2mnk 


1 s =J M PUCCH.s 
-c > y(l- ME +me “* 
M PUCCH,s E 
v sc m=0 
PUCCH, 
bz MED... 


1=0,..., (NIYCCHSM no / M PUCCH,s Jej 


se 


zi MECH" +k) = 


resulting in a block of complex-valued symbols z(0), ..., z(N "My — 1). 


6.3.2.6.5 Mapping to physical resources 


The block of modulation symbols z(0), ..., ZÜNGS Moi — 1) shall be multiplied with the amplitude scaling factor 
pucca, s in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting with 


z(0) to resource elements (k, 1), ,, which meet all of the following criteria: 
- they are in the resource blocks assigned for transmission, 
- they are not used by the associated DM-RS 


The mapping to resource elements (k, l)p „ not reserved for other purposes shall be in increasing order of first the index 
k over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], and then the index / on 
antenna port p = 2000. 


In case of intra-slot frequency hopping according to clause 9.2.1 of [5, TS 38.213], IN inp / 2| OFDM symbols shall 
NPUCCH _ IN PUCCH, s 


be transmitted in the first hop and N symb 5h /2] symbols in the second hop where N PUCCH. s 


vina is the total 


number of OFDM symbols used in one slot for PUCCH transmission. 
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6.3.3 Physical random-access channel 


6.3.3.1 Seguence generation 


The set of random-access preambles x, „(n) shall be generated according to 


u,v 


x, x(n) = Xy ((n F C,) mod Lea) 


x,ü)me ™ jis0ad,., gal 


from which the frequency-domain representation shall be generated according to 


Leal | ,2amn 


J 
DE M X,y(m)-e I 


m=0 


where Lp, =839, Lęą =139, Lpą = 1151, or Lpą = 571 depending on the PRACH preamble format as given by 
Tables 6.3.3.1-1 and 6.3.3.1-2. 


There are 64 preambles defined in each time-frequency PRACH occasion, enumerated in increasing order of first 
increasing cyclic shift C,, of a logical root sequence, and then in increasing order of the logical root sequence index, 


starting with the index obtained from the higher-layer parameter prach-RootSeguencelndex or rootSeguencelndex-BFR 
or by msgA-PRACH-RootSeguencelndex if configured and a type-2 random-access procedure is initiated as described in 
clause 8.1 of [5, TS 38.213]. Additional preamble sequences, in case 64 preambles cannot be generated from a single 
root Zadoff-Chu sequence, are obtained from the root sequences with the consecutive logical indexes until all the 64 
sequences are found. The logical root sequence order is cyclic; the logical index 0 is consecutive to Lp, — 2. The 
sequence number u is obtained from the logical root sequence index according to Tables 6.3.3.1-3 to 6.3.3.1-4B. 


The cyclic shift C, is given by 


vNes v=0,1,...,|Lpa / Neg |-1, Nes £0 for unrestricted sets 
Nes <0 for unrestricted sets 
C= dun |v/n8A, Jk ( mod nt Wes vz01..,w-1 for restricted sets type A and B 
d, sa £(v-w)Nes V= Wy WHT —1 for restricted sets type B 
d, sur h — w Mg v, CS yV—WweREA S WH Main + nA —I for restricted sets type B 
w= nih oup d: Dn 


where Ncs is given by Tables 6.3.3.1-5 to 6.3.3.1-7, the higher-layer parameter restrictedSetConfig determines the 


type of restricted sets (unrestricted, restricted type A, restricted type B), and Tables 6.3.3.1-1 and 6.3.3.1-2 indicate the 
type of restricted sets supported for the different preamble formats. 


The variable d, is given by 


ja Osg<Lga/2 
" (Lga —d otherwise 


where g is the smallest non-negative integer that fulfils (gu)mod Lra =1. The parameters for restricted sets of cyclic 


shifts depend on d, . 


For restricted set type A, the parameters are given by: 


- for Nog Sd, < Lg4 /3 
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"ise =la, /Nes | 
TUR =2d, + niti cs 


His = | Ega / d san | 
n a salda m 2d, E nRA pdsan)/Ncs Jo) 


- for Igy Ed, < (Lra =Nes)/2 


Ak = = |(Lpa — 2d Nes] 
aj = Lea —2d, + nsi Ncs 
bi ES - 4, / das 
n = min( (max((a, NE fios un dyan) / Ncs lo) fos ) 
For restricted set type B, the parameters are given by: 


- for Nog Sd, < Lea /5 


he =la, /Nes | 
Mid =4d, + ni Nog 


ae = / d san | 
AA = max (Can umi 4d, ga jou Hd Nos lo) 


no 


- for Lęą/5<d, S(Lga —Nes)/4 
RA _ 
shift = L(Zea -4d, y N cs | 
kia m Lg -4d, * nii Ncs 
Dom EX - 4, / dyan | 
nis — min( (max(((4, vy Horus da / Ncs lo) do ) 
- for (Lea + Nęs)/4< d, < 2Lga/1 


"RR x (ad, — Lea Nes | 


_ RA 
start = Ady — Lra + ani N cs 


II m 


„A 


RA —RA 
start — = Lea m 3d, + N group start + Tani Ncs 


A 


= —RA 
start ^. Lra — 2d, ga Hood + Nshift Ncs 
kod = ld, ld! 
nk zi = male dd cn d ) N, Jo) 
shift ^ RA u group start CS 
RA RA —RA 
Nshift = =| min (a, = Ngroupð start > Ady — Lra — shift Nes y Nes | 
—RA . h —RA RA . h —RA —RA —RA 
Ashift = K — min h, Nshift a u found. start n min (. Nshift Yaa u — Lra — shit Ves ) Nes |- N shift 


- for 2Lga/7 <d, S (Lp, —-Nes)/3 
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nikih = kose -3d, )/Ncs | 


= RA 
dui = Lra — 3d, + sri Ncs 
PME RA —RA 
A start m d, ski Moro start T Mshift Nes 
start c 0 


RA _ 
group = |d, fs] 
—RA _ RA 
Ashit = max((d, ry LIRA rej group d start VNes Jo) 
=RA |... RA —RA 
shift = mind, — group Astart> Lra E 3d, — Ashift Ncs J/Ncs 


—RA _ 
Ashi = O 


- for (Lp, +Ncs)/3 <d, <2L4,/5 


nha =|Gd, — Lga)/Nes | 


A start =0 
Hood = ld, fase] 
"is = max((L,, E 2d, pP TW J/Ncs Jo) 


=RA _ 
Ashitt = O 
=RA _ 
hag = O 


- dot SES 75 Sd; € (Lra —Ncs)/2 


nit z L(Lea -2d, Nes | 
uan = 2(LpA ja! 2d, )+ nt N Cs 


A start = 0 
Nou = [Um E d, M dis] 
-RA _ RA 
Ashift = max((3a, zT LIRA NE N seoup start J/Ncs Jo) 


—RA _ 
Dag = O 
=RA _ 
Nzpigt = O 


For all other values of d, , there are no cyclic shifts in the restricted set. 


u? 


Table 6.3.3.1-1: PRACH preamble formats for Lp, =839 and Af"^ e (1.25, 5) kHz. 


Format L RA N RA Support for 
doli Af i Ne restricted sets 
0 839 1.25 kHz 24576k 3168k Type A, Type B 
1 839 1.25 kHz 2 + 24576k 21024k Type A, Type B 
2 839 1.25 kHz 4 - 24576k 4688k Type A, Type B 
3 839 5 kHz 4 : 6144K 3168k Type A, Type B 
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Table 6.3.3.1-2: Preamble formats for L,, € (139,571,1151) and Af?’ = 15 - 2" kHz where u € 


10, 1,2, 3}. 
Format LRA Af RA N, NBA Support for 
restricted 
He {0,1,2,3} |u=0 | w=1 sets 

Al 139 1151 571 15-2” kHz 2-2048x-2 * 288k-2 ^" z 
A2 139 1151 571 15-2” kHz 4-2048xk-2 * 576k:2 * - 
A3 139 1151 571 15-2” kHz 6-2048x-2 ^ 864x.2 " * 
B1 139 1151 571 15-2” kHz 2.2048x-2 * 216x.2 " = 
B2 139 1151 571 15-2” kHz 4-2048k-2 * 360k-2 * s 
B3 139 1151 571 15-2” kHz 6.2048x-2 * 504x:2 * R 
B4 139 1151 571 15-2” kHz 12-2048k-2 * 936k:2 * E 
CO 139 1151 571 15-2” kHz 2048x.2 " 1240 «2 * 3 
C2 139 1151 571 15-2” kHz 4-2048x-2 * 2048k-2 * 


Table 6.3.3.1-3: Mapping from logical index i to sequence number u for preamble formats with 
Lp, =839. 


i Sequence number u in increasing order of i 
0-19] 129| 710| 140| 699| 120} 719) 210| 629} 168| 671| 84| 755) 105| 734| 93| 746| 70| 769| 60,779 


20-39 2| 837 1| 838| 56| 783| 112| 727| 148| 691| 80| 759| 42| 797| 40| 799| 35| 804| 73] 766 

40-59 |146| 693| 31| 808| 28| 811| 30| 809| 27| 812| 29| 810| 24| 815| 48| 791| 68| 771| 74| 765 

60-79 |178| 661| 136| 703| 86| 753| 78| 761| 43| 796| 39| 800| 20, 819| 21| 818| 95| 744| 202 | 637 

80-99 |190| 649| 181| 658| 137| 702| 125| 714| 151| 688 | 217| 622| 128| 711| 142| 697 | 122| 717| 203 636 
100-119 | 118| 721| 110| 729| 89| 750| 103| 736| 61| 778| 55| 784| 15| 824| 14| 825| 12| 827| 23|816 
120-139 | 34| 805| 37| 802| 46| 793| 207| 632| 179| 660| 145| 694| 130| 709| 223| 616 | 228| 611| 227 | 612 
140 — 159 | 132| 707| 133| 706| 143| 696| 135| 704| 161| 678| 201 | 638| 173| 666| 106| 733| 83| 756| 91| 748 
160-179 | 66| 773| 53| 786| 10| 829 9| 830 7| 832 8| 831| 16| 823| 47| 792| 64| 775| 57| 782 
180 -199 | 104| 735| 101| 738| 108| 731| 208| 631| 184| 655| 197 | 642| 191| 648| 121| 718| 141| 698| 149| 690 
200 — 219 | 216| 623| 218| 621| 152| 687| 144| 695| 134| 705| 138| 701| 199| 640| 162| 677 | 176| 663| 119| 720 
220 — 239 | 158| 681| 164| 675| 174| 665| 171| 668| 170| 669| 87| 752| 169| 670| 88| 751| 107| 732| 81| 758 
240 - 259 | 82| 757| 100| 739| 98| 741| 71| 768| 59| 780| 65| 774| 50| 789| 49| 790| 26| 813| 17 |822 
260 - 279 | 13| 826 6| 833 5| 834| 33| 806| 51| 788| 75| 764| 99| 740| 96| 743| 97| 742| 166| 673 
280 — 299 | 172| 667 | 175| 664| 187| 652| 163| 676| 185| 654| 200| 639| 114| 725| 189| 650| 115| 724| 194 | 645 
300 — 319 | 195| 644| 192| 647 | 182| 657| 157| 682| 156| 683| 211| 628| 154| 685| 123| 716| 139| 700| 212 | 627 
320 — 339 | 153| 686| 213| 626| 215| 624| 150| 689| 225| 614| 224| 615| 221| 618 | 220| 619| 127 | 712| 147 | 692 
340 — 359 | 124| 715| 193| 646| 205| 634| 206| 633| 116| 723| 160| 679| 186| 653| 167| 672| 79| 760| 85| 754 
360 — 379 | 77| 762| 92| 747| 58| 781| 62| 777| 69| 770| 54| 785| 36| 803| 32| 807| 25,814) 18| 821 
380 - 399 | 11| 828 4 | 835 3| 836, 19| 820| 22| 817| 41) 798| 38| 801| 44| 795| 52| 787| 45) 794 
400 -419 | 63| 776| 67| 772| 72| 767| 76| 763| 94| 745| 102| 737| 90| 749| 109| 730| 165| 674| 111 | 728 
420 — 439 | 209| 630| 204| 635| 117| 722| 188| 651| 159| 680| 198| 641| 113| 726| 183| 656| 180| 659| 177 | 662 
440 — 459 | 196| 643| 155| 684| 214| 625| 126| 713| 131| 708| 219| 620| 222| 617 | 226| 613 | 230 | 609| 232 | 607 
460 — 479 | 262| 577 | 252| 587 | 418| 421| 416| 423| 413| 426 | 411| 428| 376| 463| 395| 444 | 283| 556| 285 | 554 
480 — 499 | 379| 460| 390 | 449| 363| 476| 384| 455| 388| 451| 386| 453| 361 | 478 | 387| 452| 360| 479| 310 | 529 
500 - 519 | 354| 485| 328| 511| 315| 524| 337| 502| 349| 490| 335| 504| 324| 515| 323| 516| 320| 519| 334 | 505 
520 — 539 | 359| 480| 295| 544| 385| 454| 292| 547 | 291| 548| 381| 458| 399| 440| 380| 459| 397 | 442| 369 | 470 
540 — 559 | 377 | 462| 410| 429| 407 | 432| 281| 558| 414| 425| 247| 592| 277 | 562| 271| 568| 272| 567| 264| 575 
560 — 579 | 259| 580| 237 | 602| 239| 600| 244| 595| 243| 596| 275| 564| 278| 561| 250| 589| 246| 593| 417 | 422 
580 — 599 | 248 | 591| 394| 445| 393| 446| 370| 469| 365| 474| 300| 539| 299| 540| 364| 475| 362| 477 | 298 | 541 
600 - 619 | 312| 527| 313| 526 | 314| 525| 353| 486| 352| 487| 343| 496| 327 | 512| 350| 489| 326| 513| 319 | 520 
620 — 639 | 332| 507| 333| 506, 348| 491| 347 | 492| 322| 517| 330| 509| 338 | 501 | 341 | 498 | 340 | 499| 342 | 497 
640 — 659 | 301 | 538| 366 | 473| 401| 438| 371| 468| 408| 431| 375| 464| 249| 590! 269| 570| 238 | 601| 234 | 605 
660 — 679 | 257 | 582| 273| 566| 255| 584| 254| 585| 245| 594| 251| 588| 412| 427 | 372| 467 | 282| 557| 403 | 436 
680 — 699 | 396 | 443| 392| 447 | 391| 448| 382| 457 | 389| 450| 294| 545| 297 | 542| 311| 528 | 344| 495| 345 | 494 
700 — 719 | 318| 521| 331| 508| 325| 514| 321| 518| 346| 493| 339| 500| 351 | 488 | 306| 533| 289| 550| 400 | 439 
720 — 739 | 378| 461 | 374| 465| 415| 424| 270| 569| 241| 598 | 231| 608| 260| 579| 268| 571 | 276| 563| 409 430 
740 -759 | 398 | 441 | 290| 549| 304| 535| 308| 531| 358| 481| 316| 523| 293| 546| 288| 551 | 284| 555| 368 | 471 
760 — 779 | 253| 586| 256| 583| 263| 576| 242| 597 | 274| 565| 402| 437| 383| 456| 357| 482| 329| 510| 317 | 522 
780 — 799 | 307 | 532| 286| 553| 287| 552| 266| 573| 261| 578| 236| 603| 303| 536| 356| 483| 355| 484| 405 | 434 
800 - 819 | 404 | 435| 406 | 433 | 235| 604| 267| 572| 302| 537| 309| 530| 265| 574| 233| 606| 367 | 472| 296 | 543 
820 — 837 | 336 | 503| 305| 534| 373| 466| 280| 559| 279| 560| 419| 420| 240 | 599| 258| 581 | 229| 610 : $ 
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Table 6.3.3.1-4: Mapping from logical index i to sequence number u for preamble formats with 


Lea 7139. 
i Sequence number u in increasing order of i 
0-19 1| 138 2| 137 3| 136 4| 135 5| 134 6| 133 7| 132 8,131 9| 130 10| 129 


20 - 39 11| 128] 12| 127| 13| 126| 14| 125) 15| 124| 16| 123) 17| 122| 18/121; 19|120 20| 119 

40 - 59 21| 118| 22| 117| 23| 116| 24| 115| 25| 114) 26| 113| 27| 112] 28|111| 29]|110 30; 109 

60 - 79 31| 108| 32| 107| 33| 106| 34| 105| 35| 104| 36/ 103| 37| 102| 38|101| 39|100 40| 99 

80 - 99 41| 98| 42| 97| 43| 96| 44| 95| 45| 94| 46| 93| 47| 92| 48| 91| 49| 90 50| 89 
100 - 119 51; 88| 52| 87| 53| 86) 54| 85, 55| 84| 56| 83| 57| 82| 58| 81| 59| 80 60| 79 
120 - 137 61| 78| 62| 77| 63| 76| 64| 75| 65| 74| 66| 73| 67| 72| 68| 71| 69| 70 - - 
138 - 837 N/A 


Table 6.3.3.1-4A: Mapping from logical index i to sequence number u for preamble formats with Lp, = 


1151. 
i Sequence number v in increasing order of i 
0-19 1 150 2 | 1149 3 148 4 147 5 | 1146 6 | 1145 7 | 1144 8 | 1143 9 | 1142 10 | 1141 
20-39 11 140 12 | 1139 13 138 14 137 15 136 16 |_1135 17 | 1134 18 | 1133 19 | 1132 20 | 1131 
40-59 21 130 22 | 1129 23 128 24 127 25 126 26 | 1125 27 | 1124 28 | 1123 29 | 1122 30 | 1121 
60-79 31 120 32 | 1119 33 118 34 117 35 116 36 | 1115 37 | 1114 38 | 1113 39 | 1112 40 | 1111 
80-99 41 110 42 | 1109 43 108 44 107 45 106 46 | 1105 47 | 1104 48 | 1103 49 | 1102 50 | 1101 
100-119 51 100 52 | 1099 53 098 54 097 55 096 56 | 1095 57 | 1094 58 | 1093 59 | 1092 60 | 1091 
120-139 61 090 62 | 1089 63 088 64 087 65 086 66 | 1085 67 | 1084 68 | 1083 69 | 1082 70 | 1081 
140-159 71 080 72 | 1079 73 078 74 077 75 076 76 | 1075 77 | 1074 78 | 1073 79 | 1072 80 | 1071 
160-179 81 070 82 | 1069 83 068 84 067 85 066 86 | 1065 87 | 1064 88 | 1063 89 | 1062 90 | 1061 
180-199 91 060 92 | 1059 93 058 94 057 95 056 96 | 1055 97 | 1054 98 | 1053 99 | 1052 100 | 1051 
200-219 10 050 102 | 1049 103 048 104 047 105 046 106 | 1045 107 | 1044 108 | 1043 109 | 1042 110 | 1041 
220-239 11 040 112 | 1039 113 038 114 037 115 036 116 | 1035 117 | 1034 118 | 1033 119 | 1032 120 | 1031 
240-259 12 030 122 | 1029 123 028 124 027 125 026 126 | 1025 127 | 1024 128 | 1023 129 | 1022 130 | 1021 
260-279 13 020 132 | 1019 133 018 134 017 135 016 136 | 1015 137 | 1014 138 | 1013 139 | 1012 140 | 1011 
280-299 14 010 142 | 1009 143 008 144 007 145 006 146 | 1005 147 | 1004 148 | 1003 149 | 1002 150 | 1001 
300-319 15 000 152 999 153 998 154 997 155 996 156 995 157 994 158 993 159 992 160 991 


320-339 16 990 162 989 163 988 164 987 165 986 166 985 167 984 168 983 169 982 170 981 


340-359 17 980 172 979 173 978 174 977 175 976 176 975 177 974 178 973 179 972 180 971 


360-379 18 970 182 969 183 968 184 967 185 966 186 | 965 187 | 964 188 | 963 189 | 962 190 | 961 


380-399 19 960 192 959 193 958 194 957 195 956 196 955 197 954 198 953 199 952 200 | 951 


400-419 20 950 202 949 203 948 204 947 205 946 206 945 207 944 208 943 209 942 210 941 


420-439 21 940 212 939 213 938 214 937 215 936 216 935 217 934 218 933 219 932 220 931 


440-459 22 930 222 929 223 928 224 927 225 926 226 925 227 924 228 923 229 922 230 921 


460-479 23 920 232 919 233 918 234 917 235 916 236 915 237 914 238 913 239 912 240 911 


480-499 24 910 242 909 243 908 244 907 245 906 246 905 247 904 248 903 249 902 250 901 


500-519 25 900 252 899 253 898 | 254 897 | 255 896 | 256 | 895 257 | 894 | 258 | 893 259 | 892 260 | 891 


520-539 26 890 262 889 263 888 | 264 887 | 265 886 | 266 | 885 267 | 884 | 268 | 883 269 | 882 270 | 881 


540-559 27 880 272 879 273 878 274 877 275 876 276 875 277 874 278 873 279 872 280 871 


560-579 28 870 282 869 283 868 | 284 867 | 285 866 | 286 | 865 287 | 864 | 288 | 863 289 | 862 290 | 861 


580-599 29 860 292 859 293 858 | 294 857 | 295 856 | 296 | 855 297 | 854 | 298 | 853 299 | 852 300 | 851 


600-619 30 850 302 849 303 848 | 304 847 | 305 846 | 306 | 845 307 | 844 | 308 | 843 309 | 842 310 | 841 


620-639 31 840 312 839 313 838 | 314 837 | 315 836 | 316 | 835 317 | 834 | 318 | 833 319 | 832 320 | 831 


640-659 32 830 322 829 323 828 | 324 827 | 325 826 | 326 | 825 327 | 824 | 328 | 823 329 | 822 330 | 821 


660-679 33 820 332 819 333 818 | 334 817 | 335 816 | 336 | 815 337 | 814 | 338 | 813 339 | 812 340 | 811 


680-699 34 810 342 809 343 808 | 344 807 | 345 806 | 346 | 805 347 | 804 | 348 | 803 349 | 802 350 | 801 


700-719 35 800 352 799 353 798 | 354 797 | 355 796 | 356 795 357 794 | 358 793 359 792 360 791 


720-739 36 790 362 789 363 788 | 364 787 | 365 786 | 366 785 367 784 | 368 783 369 782 370 781 


740-759 37 780 372 779 373 778 374 777 375 776 376 775 377 774 378 773 379 772 380 771 


760-779 38 770 382 769 383 768 | 384 767 | 385 766 | 386 765 387 764 | 388 763 389 762 390 761 


780-799 39 760 392 759 393 758 | 394 757 | 395 756 | 396 755 397 754 | 398 753 399 752 400 751 


800-819 40 750 402 749 403 748 404 747 405 746 406 745 407 744 408 743 409 742 410 741 


820-839 41 740 412 739 413 738 414 737 415 736 416 735 417 734 418 738 419 732 420 731 


840-859 42 730 422 729 423 728 424 727 425 726 426 725 427 724 428 723 429 722 430 721 


860-879 43 720 432 719 433 718 434 717 435 716 436 715 437 714 438 718 439 712 440 711 


880-899 44 710 442 709 443 708 444 707 445 706 446 705 447 704 448 708 449 702 450 701 


900-919 45 700 452 699 | 453 698 | 454 697 | 455 696 | 456 695 457 694 | 458 693 459 692 460 691 


920-939 46 690 462 689 | 463 688 | 464 687 | 465 686 | 466 685 467 684 | 468 683 469 682 470 681 


940-959 47 680 472 679 473 678 474 677 475 676 476 675 477 674 478 673 479 672 480 671 


960-979 48 670 482 669 | 483 668 | 484 667 | 485 666 | 486 665 487 664 | 488 663 489 662 490 661 


980-999 49 660 492 659 | 493 658 | 494 657 | 495 656 | 496 655 497 654 | 498 653 499 652 500 651 


1000-1019 50 650 502 649 503 648 | 504 647 | 505 646 506 645 507 644 | 508 643 509 642 510 641 


1020-1039 51 640 512 639 513 638 | 514 637 | 515 636 516 635 517 634 | 518 633 519 632 520 631 


1040-1059 52 630 522 629 523 628 | 524 627 | 525 626 526 625 527 624 | 528 623 529 622 530 621 


1060-1079 53 620 532 619 533 618 | 534 617 535 616 536 615 537 614 | 538 613 539 612 540 611 


1080-1099 54 610 542 609 543 608 | 544 607 | 545 606 546 605 547 604 | 548 603 549 602 550 601 


1100-1119 55 600 552 599 553 598 | 554 597 555 596 556 595 557 594 | 558 593 559 592 560 591 


1120-1139 56 590 562 589 563 588 | 564 587 | 565 586 566 585 567 584 | 568 583 569 582 570 581 


1140-1149 571 580 572 579 573 578 574 577 575 576 
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Table 6.3.3.1-4B: Mapping from logical index i to sequence number u for preamble formats with Lp, = 


571. 
i Sequence number u in increasing order of i 
0-19 1 570 2 569 3 568 4 567 5 566 6 565 7 564 8 563 9 562 10 561 
20-39 11 560 12 559 13 558 14 557 15 556 16 555 17 554 18 553 19 552 20 551 
40-59 21 550 22 549 23 548 24 547 25 546 26 545 27 544 28 543 29 542 30 541 
60-79 31 540 32 539 33 538 34 537 35 536 36 535 37 534 38 533 39 532 40 531 
80-99 41 530 42 529 43 528 44 527 45 526 46 525 47 524 48 523 49 522 50 521 
100-119 51 520 52 519 53 518 54 517 55 516 56 515 57 514 58 513 59 512 60 511 
120-139 61 510 62 509 63 508 64 507 65 506 66 505 67 504 68 503 69 502 70 501 
140-159 71 500 72 499 73 498 74 497 75 496 76 495 77 494 78 493 79 492 80 491 
160-179 81 490 82 489 83 488 84 487 85 486 86 485 87 484 88 483 89 482 90 481 
180-199 91 480 92 479 93 478 94 477 95 476 96 475 97 474 98 473 99 472 100 471 


200-219 101 470 102 469 103 468 104 467 105 466 106 465 107 464 108 463 109 462 110 461 


220-239 111 460 112 459 113 458 114 457 115 456 116 455 117 454 118 453 119 452 120 451 


240-259 121 450 122 449 123 448 124 447 125 446 126 445 127 444 128 443 129 442 130 441 


260-279 131 440 132 439 133 438 134 437 135 436 136 435 137 434 138 433 139 432 140 431 


280-299 141 430 142 429 143 428 144 427 145 426 146 425 147 424 148 423 149 422 150 421 


300-319 151 420 152 419 153 418 154 417 155 416 156 415 157 414 158 413 159 412 160 411 


320-339 161 410 162 409 163 408 164 407 165 406 166 405 167 404 168 403 169 402 170 401 


340-359 171 400 172| 399 173| 398 174 | 397 175 | 396 176 | 395 177 394 178 393 179 392 180 391 


360-379 181 390 182 389 183 | 388 184 | 387 185 | 386 186 | 385 187 | 384 188 383 189 382 190 381 


380-399 191 380 192 379 193 378 194 377 195 376 196 375 197 374 198 373 199 372 200 371 


400-419 201 370 202 369 203 | 368 204 | 367 205 | 366 206 | 365 | 207 | 364 | 208 363 | 209 362 | 210 361 


420-439 211 360 212 359 213 358 214 357 215 356 216 355 217 354 218 353 219 352 220 351 


440-459 221 350 222 349 223 348 224 347 225 346 226 345 227 344 228 343 229 342 230 341 


460-479 231 340 232 | 339 233 | 338 234 | 337 235 | 336 236 | 335 | 237 | 334 | 238 333 | 239 332 | 240 331 


480-499 241 330 242 329 243 328 244 327 245 326 246 325 247 324 248 323 249 322 250 321 


500-519 251 320 252 319 253 318 254 317 255 316 256 315 257 314 258 313 259 312 260 311 


520-539 261 310 262 | 309 263 | 308 264 | 307 265 | 306 266 | 305 | 267 | 304 | 268 303 | 269 302 | 270 301 


540-559 271 300 272 299 273 298 274 297 275 296 276 295 277 294 278 293 279 292 280 291 


560-569 281 290 282 289 283 288 284 287 285 286 = = 5 E > - s z E = 


Table 6.3.3.1-5: Nes for preamble formats with 4 f"4 = 1.25 kHz. 


z ; Neg value 
zeroCorrelationZoneConfig 
Unrestricted set Restricted set type A Restricted set type B 

0 0 15 15 
1 13 18 18 
2 15 22 22 
3 18 26 26 
4 22 32 32 
5 26 38 38 
6 32 46 46 
7 38 55 55 
8 46 68 68 
9 59 82 82 
10 76 100 100 
11 93 128 118 
12 119 158 137 
13 167 202 - 
14 279 237 - 
15 419 - - 


ETSI 


3GPP TS 38.211 version 16.2.0 Release 16 51 ETSI TS 138 211 V16.2.0 (2020-07) 


Table 6.3.3.1-6: Ncs for preamble formats with 4 f"4A = 5 kHz. 


, : Ncs value 
zeroCorrelationZoneConfig 
Unrestricted set Restricted set type A Restricted set type B 

0 0 36 36 
1 13 57 57 
2 26 72 60 
3 33 81 63 
4 38 89 65 
5 41 94 68 
6 49 103 71 
7 55 112 77 
8 64 121 81 
9 76 132 85 
10 93 137 97 
11 119 152 109 
12 139 173 122 
13 209 195 137 
14 279 216 - 
15 419 237 - 


Table 6.3.3.1-7: Nes for preamble formats with Lp, € {139,571,1151}. 


zeroCorrelationZoneConfig Ncs Value 
Lpa = 139 Lga = 571 Lga = 1151 

0 0 0 0 

1 2 8 17 
2 4 10 21 

3 6 12 25 
4 8 15 30 
5 10 17 35 
6 18 21 44 
7 13 25 52 
8 15 31 63 
9 17 40 82 
10 19 51 104 
11 23 63 127 
12 27 81 164 
13 34 114 230 
14 46 190 383 
15 69 285 575 

6.3.3.2 Mapping to physical resources 


The preamble sequence shall be mapped to physical resources according to 


,RA 
ae ; = BpRACH Yu. (k) 


k 201... Lra —1 


where {pracy is an amplitude scaling factor in order to conform to the transmit power specified in [5, TS38.213], and 


p < 4000 is the antenna port. Baseband signal generation shall be done according to clause 5.3 using the parameters in 
Table 6.3.3.1-1 or Table 6.3.3.1-2 with k given by Table 6.3.3.2-1. 
Random access preambles can only be transmitted in the time resources obtained from Tables 6.3.3.2-2 to 6.3.3.2-4 and 


depends on FRI or FR2 and the spectrum type as defined in [8, TS38.104]. The PRACH configuration index in Tables 
6.3.3.2-2 to 6.3.3.2-4 is 


- for Table 6.3.3.2-3 given by the higher-layer parameter prach-ConfigurationIndexNew if configured, otherwise 
by the higher-layer parameter prach-ConfigurationIndex, or by msgA-PRACH-ConfigurationIndex-r16 if 
configured; and 
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- for Tables 6.3.3.2-2 and 6.3.3.2-4 given by the higher-layer parameter prach-ConfigurationIndex, or by msgA- 
PRACH-ConfigurationIndex-r16 if configured. 


For the IAB-MT part of an IAB-node, the following applies: 


- if the higher-layer parameter prach-ConfigurationPeriodScaling is configured, the variable x used in 
Tisgy mod x = y of Tables 6.3.3.2-2 to 6.3.3.2-4 shall be replaced by xj4g , where xj4g = ôx and Ó is given by 
the higher-layer parameter prach-ConfigurationPeriodScaling and the IAB-node does not expect xj4g to be 
larger than 64; 


- if the higher-layer parameter prach-ConfigurationFrame Offset is configured, the variable y used in 
Nspn mod x = y of Tables 6.3.3.2-2 to 6.3.3.2-4 shall be replaced by yj4g = (y + Ay) mod x where Ay is given 
by the higher-layer parameter prach-ConfigurationFrameOffset, and x is the value used in nspy mod x = y; 


- if the higher-layer parameter prach-ConfigurationSOffset is configured, the subframe number s, from Tables 
6.3.3.2-2 to 6.3.3.2-3 and the slot number s, from Table 6.3.3.2-4 shall be replaced by (s, -- As) mod L where 
As € (0,1, ..., L — 1} is given by the higher-layer parameter prach-ConfigurationSOffset, and L is the number of 
subframes in a frame when using Tables 6.3.3.2-2 to 6.3.3.2-3 and the number of slots in a frame for 60 kHz 
subcarrier spacing when using in Table 6.3.3.2-4. 


Random access preambles can only be transmitted in the frequency resources given by either the higher-layer parameter 
msg1-FrequencyStart or frequencyStartMsgA-PUSCH if configured as described in clause 8.1 of [5 TS 38.213]. The 
PRACH frequency resources nga € (0,1, ..., M — 1), where M equals the higher-layer parameter msg7-FDM or msgA- 
RO-FDM if configured, are numbered in increasing order within the initial uplink bandwidth part during initial access, 
starting from the lowest frequency. Otherwise, np, are numbered in increasing order within the active uplink bandwidth 
part, starting from the lowest frequency. 


For the purpose of slot numbering in the tables, the following subcarrier spacing shall be assumed: 
- 15 kHz for FRI 


- 60 kHz for FR2. 


For handover purposes to a target cell in paired or unpaired spectrum where the target cell uses Lmax = 4, the UE may 
assume the absolute value of the time difference between radio frame i in the current cell and radio frame i in the target 
cell is less than 1536007, if the association pattern period in clause 8.1 of [5, TS 38.213] is not equal to 10 ms. 


For inter frequency handover purposes where the source cell is either in paired or unpaired spectrum and the target cell 
is in unpaired spectrum and uses Lmax = 8, the UE may assume the absolute value of the time difference between radio 
frame i in the current cell and radio frame i in the target cell is less than 768007;. 
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Table 6.3.3.2-1: Supported combinations of Af "" and Af , and the corresponding value of k. 


Lra Af ŠA for PRACH | Af for PUSCH Npp , allocation k 
expressed in number of 
RBs for PUSCH 
839 1.25 15 6 7 
839 1.25 30 3 1 
839 1.25 60 2 133 
839 5 15 24 12 
839 5 30 12 10 
839 5 60 6 7 
139 15 15 12 2 
139 15 30 6 2 
139 15 60 3 2 
139 30 15 24 2 
139 30 30 12 2 
139 30 60 6 2 
139 60 60 12 2 
139 60 120 6 2 
139 120 60 24 2 
139 120 120 12 2 
571 30 15 96 2 
571 30 30 48 2 
571 30 60 24 2 
1151 15 15 96 1 
1151 15 30 48 1 
1151 15 60 24 1 
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Table 6.3.3.2-2: Random access configurations for FR1 and paired spectrum/supplementary uplink. 
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PRACH Preamble srn mod x = y Subframe number Starting | Number BASO NRA 
Configuration | format symbol of > , MT 
Index PRACH | number of | PRACH 
slots time- duration 
withina | domain 
x y subframe | PRACH 
occasions 
within a 
PRACH 
slot 

0 0 16 1 1 0 - - 0 
1 0 16 1 4 0 - - 0 
2 0 16 1 7 0 - - 0 
3 0 16 1 9 0 - - 0 
4 0 8 1 1 0 - - 0 
5 0 8 1 4 0 - - 0 
6 0 8 1 7 0 - - 0 
7 0 8 1 9 0 - - 0 
8 0 4 1 1 0 - - 0 
9 0 4 1 4 0 - - 0 
10 0 4 1 7 0 - - 0 
11 0 4 1 9 0 - - 0 
12 0 2 1 1 0 - - 0 
13 0 2 1 4 0 - - 0 
14 0 2 1 7 0 - - 0 
15 0 2 1 9 0 - - 0 
16 0 1 0 1 0 - - 0 
17 0 1 0 4 0 - - 0 
18 0 1 0 7 0 - - 0 
19 0 1 0 1,6 0 - - 0 
20 0 1 0 2,7 0 - - 0 
21 0 1 0 3,8 0 - - 0 
22 0 1 0 1,4,7 0 - - 0 
23 0 1 0 2,5,8 0 - - 0 
24 0 1 0 3,6,9 0 - - 0 
25 0 1 0 0,2,4,6,8 0 - - 0 
26 0 1 0 1,3,5,7,9 0 - - 0 
27 0 1 0 0,1,2,3,4,5,6,7,8,9 0 - - 0 
28 1 16 1 1 0 E = 0 
29 1 16 1 4 0 : E 0 
30 1 16 1 7 0 - - 0 
31 1 16 1 9 0 - - 0 
32 1 8 1 1 0 - - 0 
33 1 8 1 4 0 - - 0 
34 1 8 1 7 0 - - 0 
35 1 8 1 9 0 - - 0 
36 1 4 1 1 0 - - 0 
37 1 4 1 4 0 - - 0 
38 1 4 1 7 0 - - 0 
39 1 4 1 9 0 - - 0 
40 1 2 1 1 0 - - 0 
41 1 2 1 4 0 - - 0 
42 1 2 1 7 0 - - 0 
43 1 2 1 9 0 - - 0 
44 1 1 0 1 0 - - 0 
45 1 1 0 4 0 - - 0 
46 1 1 0 7 0 - - 0 
47 1 1 0 1,6 0 - - 0 
48 1 1 0 2,7 0 - - 0 
49 1 1 0 3,8 0 - - 0 
50 1 1 0 1,4,7 0 - - 0 
51 1 1 0 2,5,8 0 - - 0 
52 1 1 0 3,6,9 0 - - 0 
53 2 16 1 1 0 - - 0 
54 2 8 1 1 0 - - 0 
55 2 4 0 1 0 - - 0 
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56 2 2 0 1 0 = 2 0 
57 2 2 0 5 0 - - 0 
58 2 1 0 1 0 - - 0 
59 2 1 0 5 0 a - 0 
60 3 16 1 1 0 - - 0 
61 3 16 1 4 0 z - 0 
62 3 16 1 7 0 - - 0 
63 3 16 1 9 0 > - 0 
64 3 8 1 1 0 2 - 0 
65 3 8 1 4 0 - - 0 
66 3 8 1 7 0 - z 0 
67 3 4 1 1 0 - : 0 
68 3 4 1 4 0 2 3 0 
69 3 4 1 7 0 - : 0 
70 3 4 1 9 0 - - 0 
71 3 2 1 1 0 Z - 0 
72 3 2 1 4 0 - - 0 
73 3 2 1 7 0 - E 0 
74 3 2 1 9 0 : - 0 
75 3 1 0 1 0 - - 0 
76 3 1 0 4 0 d - 0 
77 3 1 0 7 0 - - 0 
78 3 1 0 1,6 0 - - 0 
79 3 1 0 2,7 0 s z 0 
80 3 1 0 3,8 0 - - 0 
81 3 1 0 1,4,7 0 > z 0 
82 3 1 0 2,5,8 0 - - 0 
83 3 1 0 3,6,9 0 - - 0 
84 3 1 0 0,2,4,6,8 0 s - 0 
85 3 1 0 1,3,5,7,9 0 - - 0 
86 3 1 0 0,1,2,3,4,5,6,7,8,9 0 E E 0 
87 A1 16 0 9 0 1 6 2 
88 A1 16 1 4 0 2 6 2 
89 A1 8 0 4,9 0 1 6 2 
90 A1 8 1 4 0 2 6 2 
91 A1 4 0 4,9 0 1 6 2 
92 A1 4 1 4,9 0 1 6 2 
93 A1 4 0 4 0 2 6 2 
94 A1 2 0 4,9 0 1 6 2 
95 A1 2 0 1 0 2 6 2 
96 A1 2 0 4 0 2 6 2 
97 A1 2 0 7 0 2 6 2 
98 A1 1 0 4 0 1 6 2 
99 A1 1 0 1,6 0 1 6 2 
100 A1 1 0 4,9 0 1 6 2 
101 A1 1 0 1 0 2 6 2 
102 A1 1 0 7 0 2 6 2 
103 A1 1 0 2,7 0 2 6 2 
104 A1 1 0 1,4,7 0 2 6 2 
105 A1 1 0 0,2,4,6,8 0 2 6 2 
106 A1 1 0 0,1,2,3,4,5,6,7,8,9 0 2 6 2 
107 A1 1 0 1,3,5,7,9 0 2 6 2 
108 A1/B1 2 0 4,9 0 1 7 2 
109 A1/B1 2 0 4 0 2 7 2 
110 A1/B1 1 0 4 0 1 7 2 
111 A1/B1 1 0 1,6 0 1 7 2 
112 A1/B1 1 0 4,9 0 1 7 2 
113 A1/B1 1 0 1 0 2 7 2 
114 A1/B1 1 0 7 0 2 7 2 
115 A1/B1 1 0 1,4,7 0 2 7 2 
116 A1/B1 1 0 0,2,4,6,8 0 2 7 2 
117 A2 16 1 2,6,9 0 1 3 4 
118 A2 16 1 4 0 2 3 4 
119 A2 8 1 2,6,9 0 1 3 4 
120 A2 8 1 4 0 2 3 4 
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121 A2 4 0 2,6,9 0 1 3 4 
122 A2 4 0 4 0 2 3 4 
123 A2 2 1 2,6,9 0 1 3 4 
124 A2 2 0 1 0 2 3 4 
125 A2 2 0 4 0 2 3 4 
126 A2 2 0 7 0 2 3 4 
127 A2 1 0 4 0 1 3 4 
128 A2 1 0 1,6 0 1 3 4 
129 A2 1 0 4,9 0 1 3 4 
130 A2 1 0 1 0 2 3 4 
131 A2 1 0 7 0 2 3 4 
132 A2 1 0 2,7 0 2 3 4 
133 A2 1 0 1,4,7 0 2 3 4 
134 A2 1 0 0,2,4,6,8 0 2 3 4 
135 A2 1 0 0,1,2,3,4,5,6,7,8,9 0 2 3 4 
136 A2 1 0 1,3,5,7,9 0 2 3 4 
137 A2/B2 2 1 2,6,9 0 1 3 4 
138 A2/B2 2 0 4 0 2 3 4 
139 A2/B2 1 0 4 0 1 3 4 
140 A2/B2 1 0 1,6 0 1 3 4 
141 A2/B2 1 0 4,9 0 1 3 4 
142 A2/B2 1 0 1 0 2 3 4 
143 A2/B2 1 0 7 0 2 3 4 
144 A2/B2 1 0 1,4,7 0 2 3 4 
145 A2/B2 1 0 0,2,4,6,8 0 2 3 4 
146 A2/B2 1 0 0,1,2,3,4,5,6,7,8,9 0 2 3 4 
147 A3 16 1 4,9 0 1 2 6 
148 A3 16 1 4 0 2 2 6 
149 A3 8 1 4,9 0 1 2 6 
150 A3 8 1 4 0 2 2 6 
151 A3 4 0 4,9 0 1 2 6 
152 A3 4 0 4 0 2 2 6 
153 A3 2 1 2,6,9 0 2 2 6 
154 A3 2 0 1 0 2 2 6 
155 A3 2 0 4 0 2 2 6 
156 A3 2 0 7 0 2 2 6 
157 A3 1 0 4 0 1 2 6 
158 A3 1 0 1,6 0 1 2 6 
159 A3 1 0 4,9 0 1 2 6 
160 A3 1 0 1 0 2 2 6 
161 A3 1 0 7 0 2 2 6 
162 A3 1 0 2,7 0 2 2 6 
163 A3 1 0 1,4,7 0 2 2 6 
164 A3 1 0 0,2,4,6,8 0 2 2 6 
165 A3 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6 
166 A3 1 0 1,3,5,7,9 0 2 2 6 
167 A3/B3 2 1 2,6,9 0 2 2 6 
168 A3/B3 2 0 4 0 2 2 6 
169 A3/B3 1 0 4 0 1 2 6 
170 A3/B3 1 0 1,6 0 1 2 6 
171 A3/B3 1 0 4,9 0 1 2 6 
172 A3/B3 1 0 1 0 2 2 6 
173 A3/B3 1 0 7 0 2 2 6 
174 A3/B3 1 0 1,4,7 0 2 2 6 
175 A3/B3 1 0 0,2,4,6,8 0 2 2 6 
176 A3/B3 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6 
177 Bi 16 0 4,9 0 1 7 2 
178 B1 16 1 4 0 2 7 2 
179 B1 8 0 4,9 0 1 7 2 
180 B1 8 1 4 0 2 7 2 
181 B1 4 0 4,9 0 1 7 2 
182 B1 4 1 4,9 0 1 7 2 
183 B1 4 0 4 0 2 7 2 
184 B1 2 0 4,9 0 1 7 2 
185 B1 2 0 1 0 2 7 2 
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186 Bi 2 0 4 0 2 7 2 
187 Bi 2 0 7 0 2 7 2 
188 B1 1 0 4 0 1 7 2 
189 B1 1 0 1,6 0 1 7 2 
190 B1 1 0 4,9 0 1 7 2 
191 B1 1 0 1 0 2 7 2 
192 B1 1 0 7 0 2 7 2 
193 B1 1 0 2,7 0 2 7 2 
194 B1 1 0 1,4,7 0 2 7 2 
195 B1 1 0 0,2,4,6,8 0 2 7 2 
196 B1 1 0 0,1,2,3,4,5,6,7,8,9 0 2 7 2 
197 B1 1 0 1,3,5,7,9 0 2 7 2 
198 B4 16 0 4,9 0 2 1 12 
199 B4 16 1 4 0 2 1 12 
200 B4 8 0 4,9 0 2 1 12 
201 B4 8 1 4 0 2 1 12 
202 B4 4 0 4,9 0 2 1 12 
203 B4 4 0 4 0 2 1 12 
204 B4 4 1 4,9 0 2 1 12 
205 B4 2 0 4,9 0 2 1 12 
206 B4 2 0 1 0 2 1 12 
207 B4 2 0 4 0 2 1 12 
208 B4 2 0 7 0 2 1 12 
209 B4 1 0 1 0 2 1 12 
210 B4 1 0 4 0 2 1 12 
211 B4 1 0 7 0 2 1 12 
212 B4 1 0 1,6 0 2 1 12 
213 B4 1 0 2,7 0 2 1 12 
214 B4 1 0 4,9 0 2 1 12 
215 B4 1 0 1,4,7 0 2 1 12 
216 B4 1 0 0,2,4,6,8 0 2 1 12 
217 B4 1 0 0,1,2,3,4,5,6,7,8,9 0 2 1 12 
218 B4 1 0 1,3,5,7,9 0 2 1 12 
219 CO 8 1 4 0 2 7 2 
220 CO 4 1 4,9 0 1 7 2 
221 CO 4 0 4 0 2 7 2 
222 CO 2 0 4,9 0 1 7 2 
223 CO 2 0 1 0 2 7 2 
224 CO 2 0 4 0 2 7 2 
225 CO 2 0 7 0 2 7 2 
226 CO 1 0 4 0 1 7 2 
227 CO 1 0 1,6 0 1 7 2 
228 CO 1 0 4,9 0 1 7 2 
229 CO 1 0 1 0 2 7 2 
230 CO 1 0 7 0 2 7 2 
231 CO 1 0 2,7 0 2 7 2 
232 CO 1 0 1,4,7 0 2 7 2 
233 CO 1 0 0,2,4,6,8 0 2 7 2 
234 CO 1 0 0,1,2,3,4,5,6,7,8,9 0 2 7 2 
235 CO 1 0 1,3,5,7,9 0 2 7 2 
236 C2 16 1 4,9 0 1 2 6 
237 C2 16 1 4 0 2 2 6 
238 C2 8 1 4,9 0 1 2 6 
239 C2 8 1 4 0 2 2 6 
240 C2 4 0 4,9 0 1 2 6 
241 C2 4 0 4 0 2 2 6 
242 C2 2 1 2,6,9 0 2 2 6 
243 C2 2 0 1 0 2 2 6 
244 C2 2 0 4 0 2 2 6 
245 C2 2 0 7 0 2 2 6 
246 C2 1 0 4 0 1 2 6 
247 C2 1 0 1,6 0 1 2 6 
248 C2 1 0 4,9 0 1 2 6 
249 C2 1 0 1 0 2 2 6 
250 C2 1 0 7 0 2 2 6 
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251 C2 1 0 2,7 0 2 2 6 
252 C2 1 0 1,4,7 0 2 2 6 
253 C2 1 0 0,2,4,6,8 0 2 2 6 
254 C2 1 0 0,1,2,3,4,5,6,7,8,9 0 2 2 6 
255 C2 1 0 1,3,5,7,9 0 2 2 6 
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Table 6.3.3.2-3: Random access configurations for FR1 and unpaired spectrum. 
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PRACH Preamble | n py mod x = y Subframe number Starting | Number N RAsstot NRA 
Configuration | format symbol of t , E 
Index PRACH | number of | PRACH 
slots time- duration 
withina | domain 
x y subframe | PRACH 
occasions 
within a 
PRACH 
slot 

0 0 16 1 9 0 - - 0 
1 0 8 1 9 0 - - 0 
2 0 4 1 9 0 5 z 0 
3 0 2 0 9 0 - - 0 
4 0 2 1 9 0 - = 0 
5 0 2 0 4 0 - s 0 
6 0 2 1 4 0 z - 0 
7 0 1 0 9 0 z s 0 
8 0 1 0 8 0 - - 0 
9 0 1 0 Z 0 - : 0 
10 0 1 0 6 0 - - 0 
11 0 1 0 5 0 - - 0 
12 0 1 0 4 0 - z 0 
13 0 1 0 3 0 - - 0 
14 0 1 0 2 0 E x 0 
15 0 1 0 1,6 0 0 
16 0 1 0 1,6 7 - - 0 
17 0 1 0 4,9 0 - - 0 
18 0 1 0 3,8 0 - - 0 
19 0 1 0 2,7 0 - - 0 
20 0 1 0 8,9 0 - - 0 
21 0 1 0 4,8,9 0 - - 0 
22 0 1 0 3,4,9 0 - - 0 
23 0 1 0 7,8,9 0 - - 0 
24 0 1 0 3,4,8,9 0 - - 0 
25 0 1 0 6,7,8,9 0 - - 0 
26 0 1 0 1,4,6,9 0 - - 0 
27 0 1 0 1,3,5,7,9 0 - - 0 
28 1 16 1 7 0 - 2 0 
29 1 8 1 7 0 A - 0 
30 1 4 1 7 0 E > 0 
31 1 2 0 7 0 3 - 0 
32 1 2 1 7 0 i t 0 
33 1 1 0 7 0 - - 0 
34 2 16 1 6 0 - : 0 
35 2 8 1 6 0 5 a 0 
36 2 4 1 6 0 , : 0 
37 2 2 0 6 7 - - 0 
38 2 2 1 6 7 s z 0 
39 2 1 0 6 7 - - 0 
40 3 16 1 9 0 - - 0 
41 3 8 1 9 0 - - 0 
42 3 4 1 9 0 s i 0 
43 3 2 0 9 0 z - 0 
44 3 2 1 9 0 z Z 0 
45 3 2 0 4 0 3 " 0 
46 3 2 1 4 0 z 5 0 
47 3 1 0 9 0 - - 0 
48 3 1 0 8 0 - E 0 
49 3 1 0 7 0 - - 0 
50 3 1 0 6 0 = E 0 
51 3 1 0 5 0 - - 0 
52 3 1 0 4 0 R z 0 
53 3 1 0 3 0 > : 0 
54 3 1 0 2 0 z - 0 
55 3 1 0 1,6 0 - - 0 
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56 3 1 0 1,6 7 z s 0 
57 3 1 0 4,9 0 - - 0 
58 3 1 0 3,8 0 Š E 0 
59 3 1 0 2,7 0 E $ 0 
60 3 1 0 8,9 0 - - 0 
61 3 1 0 4,8,9 0 - : 0 
62 3 1 0 3,4,9 0 > - 0 
63 3 1 0 7,8,9 0 : > 0 
64 3 1 0 3,4,8,9 0 - 2 0 
65 3 1 0 1,4,6,9 0 - - 0 
66 3 1 0 1,3,5,7,9 0 5 = 0 
67 A1 16 1 9 0 2 6 2 
68 A1 8 1 9 0 2 6 2 
69 A1 4 1 9 0 1 6 2 
70 A1 2 1 9 0 1 6 2 
71 A1 2 1 4,9 7 1 3 2 
72 A1 2 1 7,9 7 1 3 2 
73 Al 2 1 7,9 0 1 6 2 
74 A1 2 1 8,9 0 2 6 2 
75 A1 2 1 4,9 0 2 6 2 
76 A1 2 1 2,3,4,7,8,9 0 1 6 2 
77 A1 1 0 9 0 2 6 2 
78 A1 1 0 9 7 1 3 2 
79 A1 1 0 9 0 1 6 2 
80 A1 1 0 8,9 0 2 6 2 
81 A1 1 0 4,9 0 1 6 2 
82 A1 1 0 7.9 7 1 3 2 
83 A1 1 0 3,4,8,9 0 1 6 2 
84 A1 1 0 3,4,8,9 0 2 6 2 
85 A1 1 0 1,3,5,7,9 0 1 6 2 
86 A1 1 0 0,1,2,3,4,5,6,7,8,9 7 1 3 2 
87 A2 16 1 9 0 2 3 4 
88 A2 8 1 9 0 2 3 4 
89 A2 4 1 9 0 1 3 4 
90 A2 2 1 7,9 0 1 3 4 
91 A2 2 1 8,9 0 2 3 4 
92 A2 2 1 7,9 9 1 1 4 
93 A2 2 1 4,9 9 1 1 4 
94 A2 2 1 4,9 0 2 3 4 
95 A2 2 1 2,3,4,7,8,9 0 1 3 4 
96 A2 1 0 2 0 1 3 4 
97 A2 1 0 7 0 1 3 4 
98 A2 2 1 9 0 1 3 4 
99 A2 1 0 9 0 2 3 4 
100 A2 1 0 9 9 1 1 4 
101 A2 1 0 9 0 1 3 4 
102 A2 1 0 2,7 0 1 3 4 
103 A2 1 0 8,9 0 2 3 4 
104 A2 1 0 4,9 0 1 3 4 
105 A2 1 0 7,9 9 1 1 4 
106 A2 1 0 3,4,8,9 0 1 3 4 
107 A2 1 0 3,4,8,9 0 2 3 4 
108 A2 1 0 1,3,5,7,9 0 1 3 4 
109 A2 1 0 0,1,2,3,4,5,6,7,8,9 9 1 1 4 
110 A3 16 1 9 0 2 2 6 
111 A3 8 1 9 0 2 2 6 
112 A3 4 1 9 0 1 2 6 
113 A3 2 1 4,9 7 1 1 6 
114 A3 2 1 7,9 7 1 1 6 
115 A3 2 1 7,9 0 1 2 6 
116 A3 2 1 4,9 0 2 2 6 
117 A3 2 1 8,9 0 2 2 6 
118 A3 2 1 2,3,4,7,8,9 0 1 2 6 
119 A3 1 0 2 0 1 2 6 
120 A3 1 0 7 0 1 2 6 
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121 A3 2 1 9 0 1 2 6 
122 A3 1 0 9 0 2 2 6 
123 A3 1 0 9 7 1 1 6 
124 A3 1 0 9 0 1 2 6 
125 A3 1 0 2,7 0 1 2 6 
126 A3 1 0 8,9 0 2 2 6 
127 A3 1 0 4,9 0 1 2 6 
128 A3 1 0 7,9 7 1 1 6 
129 A3 1 0 3,4,8,9 0 1 2 6 
130 A3 1 0 3,4,8,9 0 2 2 6 
131 A3 1 0 1,3,5,7,9 0 1 2 6 
132 A3 1 0 0,1,2,3,4,5,6,7,8,9 7 1 1 6 
133 Bi 4 1 9 2 1 6 2 
134 Bi 2 1 9 2 1 6 2 
135 Bi 2 1 7,9 2 1 6 2 
136 Bi 2 1 4,9 8 1 3 2 
137 Bi 2 1 4,9 2 2 6 2 
138 Bi 1 0 9 2 2 6 2 
139 B1 1 0 9 8 1 3 2 
140 B1 1 0 9 2 1 6 2 
141 B1 1 0 8,9 2 2 6 2 
142 B1 1 0 4,9 2 1 6 2 
143 B1 1 0 7,9 8 1 3 2 
144 Bi 1 0 1,3,5,7,9 2 1 6 2 
145 B4 16 1 9 0 2 1 12 
146 B4 8 1 9 0 2 1 12 
147 B4 4 1 9 2 1 1 12 
148 B4 2 1 9 0 1 1 12 
149 B4 2 1 9 2 1 1 12 
150 B4 2 1 7.9 2 1 1 12 
151 B4 2 1 4,9 2 1 1 12 
152 B4 2 1 4,9 0 2 1 12 
153 B4 2 1 8,9 0 2 1 12 
154 B4 2 1 2,3,4,7,8,9 0 1 1 12 
155 B4 1 0 1 0 1 1 12 
156 B4 1 0 2 0 1 1 12 
157 B4 1 0 4 0 1 1 12 
158 B4 1 0 7 0 1 1 12 
159 B4 1 0 9 0 1 1 12 
160 B4 1 0 9 2 1 1 12 
161 B4 1 0 9 0 2 1 12 
162 B4 1 0 4,9 2 1 1 12 
163 B4 1 0 7,9 2 1 1 12 
164 B4 1 0 8,9 0 2 1 12 
165 B4 1 0 3,4,8,9 2 1 1 12 
166 B4 1 0 1,3,5,7,9 2 1 1 12 
167 B4 1 0 0,1,2,3,4,5,6,7,8,9 0 2 1 12 
168 B4 1 0 0,1,2,3,4,5,6,7,8,9 2 1 1 12 
169 CO 16 1 9 2 2 6 2 
170 CO 8 1 9 2 2 6 2 
171 CO 4 1 9 2 1 6 2 
172 CO 2 1 9 2 1 6 2 
173 CO 2 1 8,9 2 2 6 2 
174 CO 2 1 7,9 2 1 6 2 
175 CO 2 1 7.9 8 1 3 2 
176 CO 2 1 4,9 8 1 3 2 
177 CO 2 1 4,9 2 2 6 2 
178 CO 2 1 2,3,4,7,8,9 2 1 6 2 
179 GO 1 0 9 2 2 6 2 
180 GO 1 0 9 8 1 3 2 
181 GO 1 0 9 2 1 6 2 
182 CO 1 0 8,9 2 2 6 2 
183 CO 1 0 4,9 2 1 6 2 
184 GO 1 0 7,9 8 1 3 2 
185 CO 1 0 3,4,8,9 2 1 6 2 
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186 CO 1 0 3,4,8,9 2 2 6 2 
187 GO 1 0 1,3,5,7,9 2 1 6 2 
188 CO 1 0 0,1,2,3,4,5,6,7,8,9 8 1 3 2 
189 C2 16 1 9 2 2 2 6 
190 C2 8 1 9 2 2 2 6 
191 C2 4 1 9 2 1 2 6 
192 C2 2 1 9 2 1 2 6 
193 C2 2 1 8,9 2 2 2 6 
194 C2 2 1 7,9 2 1 2 6 
195 C2 2 1 7,9 8 1 1 6 
196 C2 2 1 4,9 8 1 1 6 
197 C2 2 1 4,9 2 2 2 6 
198 C2 2 1 2,3,4,7,8,9 2 1 2 6 
199 C2 8 1 9 8 2 1 6 
200 C2 4 1 9 8 1 1 6 
201 C2 1 0 9 2 2 2 6 
202 C2 1 0 9 8 1 1 6 
203 C2 1 0 9 2 1 2 6 
204 C2 1 0 8,9 2 2 2 6 
205 C2 1 0 4,9 2 1 2 6 
206 C2 1 0 7,9 8 1 1 6 
207 C2 1 0 3,4,8,9 2 1 2 6 
208 C2 1 0 3,4,8,9 2 2 2 6 
209 C2 1 0 1,3,5,7,9 2 1 2 6 
210 C2 1 0 0,1,2,3,4,5,6,7,8,9 8 1 1 6 
211 A1/B1 2 1 9 2 1 6 2 
212 A1/B1 2 1 4,9 8 1 3 2 
213 A1/B1 2 1 7,9 8 1 3 2 
214 A1/B1 2 1 7,9 2 1 6 2 
215 A1/B1 2 1 4,9 2 2 6 2 
216 A1/B1 2 1 8,9 2 2 6 2 
217 A1/B1 1 0 9 2 2 6 2 
218 A1/B1 1 0 9 8 1 3 2 
219 A1/B1 1 0 9 2 1 6 2 
220 A1/B1 1 0 8,9 2 2 6 2 
221 A1/B1 1 0 4,9 2 1 6 2 
222 A1/B1 1 0 7,9 8 1 3 2 
223 A1/B1 1 0 3,4,8,9 2 2 6 2 
224 A1/B1 1 0 1,3,5,7,9 2 1 6 2 
225 A1/B1 1 0 0,1,2,3,4,5,6,7,8,9 8 1 3 2 
226 A2/B2 2 1 9 0 1 3 4 
227 A2/B2 2 1 4,9 6 1 2 4 
228 A2/B2 2 1 7,9 6 1 2 4 
229 A2/B2 2 1 4,9 0 2 3 4 
230 A2/B2 2 1 8,9 0 2 3 4 
231 A2/B2 1 0 9 0 2 3 4 
232 A2/B2 1 0 9 6 1 2 4 
233 A2/B2 1 0 9 0 1 3 4 
234 A2/B2 1 0 8,9 0 2 3 4 
235 A2/B2 1 0 4,9 0 1 3 4 
236 A2/B2 1 0 7,9 6 1 2 4 
237 A2/B2 1 0 3,4,8,9 0 1 3 4 
238 A2/B2 1 0 3,4,8,9 0 2 3 4 
239 A2/B2 1 0 1,3,5,7,9 0 1 3 4 
240 A2/B2 1 0 0,1,2,3,4,5,6,7,8,9 6 1 2 4 
241 A3/B3 2 1 9 0 1 2 6 
242 A3/B3 2 1 4,9 2 1 2 6 
243 A3/B3 2 1 7,9 0 1 2 6 
244 A3/B3 2 1 7,9 2 1 2 6 
245 A3/B3 2 1 4,9 0 2 2 6 
246 A3/B3 2 1 8,9 0 2 2 6 
247 A3/B3 1 0 9 0 2 2 6 
248 A3/B3 1 0 9 2 1 2 6 
249 A3/B3 1 0 9 0 1 2 6 
250 A3/B3 1 0 8,9 0 2 2 6 
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251 A3/B3 1 0 4,9 0 1 2 6 
252 A3/B3 1 0 7,9 2 1 2 6 
253 A3/B3 1 0 3,4,8,9 0 2 2 6 
254 A3/B3 1 0 1,3,5,7,9 0 1 2 6 
255 A3/B3 1 0 0,1,2,3,4,5,6,7,8,9 2 1 2 6 
256 0 16 1 7 0 3 $ 0 
257 0 8 1 7 0 Š - 0 
258 0 4 1 7 0 z = 0 
259 0 2 0 7 0 a $ 0 
260 0 2 1 7 0 a - 0 
261 0 2 0 2 0 E = 0 
262 0 2 1 2 0 E - 0 
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Table 6.3.3.2-4: Random access configurations for FR2 and unpaired spectrum. 
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PRACH | Preamble Ngpy mod x = y Slot number Starting | Number N RaAsslot NRA 
Config. format symbol of SUM. d 

Index PRACH | number of | PRACH 
slots time- duration 
withina | domain 
x y 60kHz | PRACH 
slot occasions 
within a 
PRACH 
slot 

0 Al 16 1 4,9,14,19,24,29,34,39 0 2 6 2 
1 A1 16 1 3,7,11,15,19,23,27,31,35,39 0 1 6 2 
2 A1 8 1,2 9,19,29,39 0 2 6 2 
3 A1 8 1 4,9,14,19,24,29,34,39 0 2 6 2 
4 A1 8 1 3,7,11,15,19,23,27,31,35,39 0 1 6 2 
5 A1 4 1 4,9,14,19,24,29,34,39 0 1 6 2 
6 A1 4 1 4,9,14,19,24,29,34,39 0 2 6 2 
7 A1 4 1 3,7,11,15,19,23,27,31,35,39 0 1 6 2 
8 A1 2 1 7,15,23,31,39 0 2 6 2 
9 Al 2 1 4,9,14,19,24,29,34,39 0 1 6 2 
10 A1 2 1 4,9,14,19,24,29,34,39 0 2 6 2 
11 A1 2 1 3,7,11,15,19,23,27,31,35,39 0 1 6 2 
12 A1 1 0 19,39 7 1 3 2 
13 Al 1 0 3,5,7 0 1 6 2 
14 Al 1 0 24,29,34,39 7 1 3 2 
15 Al 1 0 9,19,29,39 7 2 3 2 
16 Al 1 0 17,19,37,39 0 1 6 2 
17 Al 1 0 9,19,29,39 0 2 6 2 
18 A1 1 0 4,9,14,19,24,29,34,39 0 1 6 2 
19 Al 1 0 4,9,14,19,24,29,34,39 7 1 3 2 
20 A1 1 0 3,5,7,9,11,13 7 1 3 2 
21 A1 1 0 23,27,31,35,39 7 1 3 2 
22 Al 1 0 7,15,23,31,39 0 1 6 2 
23 A1 1 0 23,27,31,35,39 0 1 6 2 
24 Al 1 0 13,14,15, 29,30,31,37,38,39 7 2 3 2 
25 A1 1 0 3,7,11,15,19,23,27,31,35,39 7 1 3 2 
26 A1 1 0 3,7,11,15,19,23,27,31,35,39 0 1 6 2 
27 Al 1 0 1,3,5,7,...,37,39 0 1 6 2 
28 A1 1 0 0,1,2,...,39 7 1 3 2 
29 A2 16 1 4,9,14,19,24,29,34,39 0 2 3 4 
30 A2 16 1 3,7,11,15,19,23,27,31,35,39 0 1 3 4 
31 A2 8 1 4,9,14,19,24,29,34,39 0 2 3 4 
32 A2 8 1 3,7,11,15,19,23,27,31,35,39 0 1 3 4 
33 A2 8 12 9,19,29,39 0 2 3 4 
34 A2 4 1 4,9,14,19,24,29,34,39 0 1 3 4 
35 A2 4 1 4,9,14,19,24,29,34,39 0 2 3 4 
36 A2 4 1 3,7,11,15,19,23,27,31,35,39 0 1 3 4 
37 A2 2 1 7,15,23,31,39 0 2 3 4 
38 A2 2 1 4,9,14,19,24,29,34,39 0 1 3 4 
39 A2 2 1 4,9,14,19,24,29,34,39 0 2 3 4 
40 A2 2 1 3,7,11,15,19,23,27,31,35,39 0 1 3 4 
41 A2 1 0 19,39 5 1 2 4 
42 A2 1 0 3,5,7 0 1 3 4 
43 A2 1 0 24,29,34,39 5 1 2 4 
44 A2 1 0 9,19,29,39 5 2 2 4 
45 A2 1 0 17,19,37,39 0 1 3 4 
46 A2 1 0 9, 19, 29, 39 0 2 3 4 
47 A2 1 0 7,15,23,31,39 0 1 3 4 
48 A2 1 0 23,27,31,35,39 5 1 2 4 
49 A2 1 0 23,27,31,35,39 0 1 3 4 
50 A2 1 0 3,5,7,9,11,13 5 1 2 4 
51 A2 1 0 3,5,7,9,11,13 0 1 3 4 
52 A2 1 0 4,9,14,19,24,29,34,39 5 1 2 4 
53 A2 1 0 4,9,14,19,24,29,34,39 0 1 3 4 
54 A2 1 0 13,14,15, 29,30,31,37,38,39 5 2 2 4 
55 A2 1 0 3,7,11,15,19,23,27,31,35,39 5 1 2 4 
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56 A2 1 0 3,7,11,15,19,23,27,31,35,39 0 1 3 4 
57 A2 1 0 1,3,5,7,...,37,39 0 1 3 4 
58 A2 1 0 0,1,2,...,39 5 1 2 4 
59 A3 16 1 4,9,14,19,24,29,34,39 0 2 2 6 
60 A3 16 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6 
61 A3 8 1 4,9,14,19,24,29,34,39 0 2 2 6 
62 A3 8 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6 
63 A3 8 12 9,19,29,39 0 2 2 6 
64 A3 4 1 4,9,14,19,24,29,34,39 0 1 2 6 
65 A3 4 1 4,9,14,19,24,29,34,39 0 2 2 6 
66 A3 4 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6 
67 A3 2 1 4,9,14,19,24,29,34,39 0 1 2 6 
68 A3 2 1 4,9,14,19,24,29,34,39 0 2 2 6 
69 A3 2 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6 
70 A3 1 0 19,39 7 1 1 6 
71 A3 1 0 3,5,7 0 1 2 6 
72 A3 1 0 9,11,13 2 1 2 6 
13 A3 1 0 24,29,34,39 7 1 1 6 
74 A3 1 0 9,19,29,39 7 2 1 6 
75 A3 1 0 17,19,37,39 0 1 2 6 
76 A3 1 0 9,19,29,39 0 2 2 6 
77 A3 1 0 7,15,23,31,39 0 1 2 6 
78 A3 1 0 23,27,31,35,39 7 1 1 6 
79 A3 1 0 23,27,31,35,39 0 1 2 6 
80 A3 1 0 3,5,7,9,11,13 0 1 2 6 
81 A3 1 0 3,5,7,9,11,13 7 1 1 6 
82 A3 1 0 4,9,14,19,24,29,34,39 0 1 2 6 
83 A3 1 0 4,9,14,19,24,29,34,39 7 1 1 6 
84 A3 1 0 13,14,15, 29,30,81,37,38,39 7 2 1 6 
85 A3 1 0 3,7,11,15,19,23,27,31,35,39 7 1 1 6 
86 A3 1 0 3,7,11,15,19,23,27,31,35,39 0 1 2 6 
87 A3 1 0 1,3,5,7,...,37,39 0 1 2 6 
88 A3 1 0 0,1,2,...,39 7 1 1 6 
89 Bi 16 1 4,9,14,19,24,29,34,39 2 2 6 2 
90 Bi 8 1 4,9,14,19,24,29,34,39 2 2 6 2 
91 Bi 8 12 9,19,29,39 2 2 6 2 
92 Bi 4 1 4,9,14,19,24,29,34,39 2 2 6 2 
93 Bi 2 1 4,9,14,19,24,29,34,39 2 2 6 2 
94 Bi 2 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2 
95 Bi 1 0 19,39 8 1 3 2 
96 Bi 1 0 3,5,7 2 1 6 2 
97 B1 1 0 24,29,34,39 8 1 3 2 
98 Bi 1 0 9,19,29,39 8 2 3 2 
99 B1 1 0 17,19,37,39 2 1 6 2 
100 B1 1 0 9,19,29,39 2 2 6 2 
101 B1 1 0 7,15,23,31,39 2 1 6 2 
102 B1 1 0 23,27,31,35,39 8 1 3 2 
103 Bi 1 0 23,27,31,35,39 2 1 6 2 
104 Bi 1 0 3,5,7,9,11,13 8 1 3 2 
105 B1 1 0 4,9,14,19,24,29,34,39 8 1 3 2 
106 Bi 1 0 4,9,14,19,24,29,34,39 2 1 6 2 
107 Bi 1 0 3,7,11,15,19,23,27,31,35,39 8 1 3 2 
108 Bi 1 0 13,14,15, 29,30,81,37,38,39 8 2 3 2 
109 B1 1 0 3,7,11,15,19,23,27,31,35,39 2 1 6 2 
110 Bi 1 0 1,3,5,7,...,37,39 2 1 6 2 
111 Bi 1 0 0,1,2,...,39 8 1 3 2 
112 B4 16 1,2 4,9,14,19,24,29,34,39 0 2 1 12 
113 B4 16 12 3,7,11,15,19,23,27,31,35,39 0 1 1 12 
114 B4 8 12 4,9,14,19,24,29,34,39 0 2 1 12 
115 B4 8 12 3,7,11,15,19,23,27,31,35,39 0 1 1 12 
116 B4 8 12 9,19,29,39 0 2 1 12 
117 B4 4 1 4,9,14,19,24,29,34,39 0 1 1 12 
118 B4 4 1 4,9,14,19,24,29,34,39 0 2 1 12 
119 B4 4 12 3,7,11,15,19,23,27,31,35,39 0 1 1 12 
120 B4 2 1 7,15,23,31,39 2 2 1 12 
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121 B4 2 1 4,9,14,19,24,29,34,39 0 1 1 12 
122 B4 2 1 4,9,14,19,24,29,34,39 0 2 1 12 
123 B4 2 1 3,7,11,15,19,23,27,31,35,39 0 1 1 12 
124 B4 1 0 19, 39 2 2 1 12 
125 B4 1 0 17, 19, 37, 39 0 1 1 12 
126 B4 1 0 24,29,84,39 2 1 1 12 
127 B4 1 0 9,19,29,39 2 2 1 12 
128 B4 1 0 9,19,29,39 0 2 1 12 
129 B4 1 0 7,15,23,31,39 0 1 1 12 
130 B4 1 0 7,15,23,31,39 0 2 1 12 
131 B4 1 0 23,27,31,35,39 0 1 1 12 
132 B4 1 0 23,27,31,35,39 2 2 1 12 
133 B4 1 0 9,11,13,15,17,19 0 1 1 12 
134 B4 1 0 3,5,7,9,11,13 2 1 1 12 
135 B4 1 0 4,9,14,19,24,29,34,39 0 1 1 12 
136 B4 1 0 4,9,14,19,24,29,34,39 2 2 1 12 
137 B4 1 0 13,14,15, 29,30,31,37,38,39 2 2 1 12 
138 B4 1 0 3,7,11,15,19,23,27,31,35,39 0 1 1 12 
139 B4 1 0 3,7,11,15,19,23,27,31,35,39 2 1 1 12 
140 B4 1 0 3, 5, 7, ..., 23,25 2 1 1 12 
141 B4 1 0 3, 5, 7, ..., 23,25 0 2 1 12 
142 B4 1 0 1,3,5,7,...,37,39 0 1 1 12 
143 B4 1 0 0,1,2,..., 39 2 1 1 12 
144 CO 16 1 4,9,14,19,24,29,34,39 0 2 7 2 
145 CO 16 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2 
146 CO 8 1 4,9,14,19,24,29,34,39 0 1 7 2 
147 CO 8 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2 
148 CO 8 12 9,19,29,39 0 2 7 2 
149 CO 4 1 4,9,14,19,24,29,34,39 0 1 7 2 
150 CO 4 1 4,9,14,19,24,29,34,39 0 2 7 2 
151 CO 4 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2 
152 CO 2 1 7,15,23,31,39 0 2 7 2 
153 CO 2 1 4,9,14,19,24,29,34,39 0 1 7 2 
154 CO 2 1 4,9,14,19,24,29,34,39 0 2 7 2 
155 CO 2 1 3,7,11,15,19,23,27,31,35,39 0 1 7 2 
156 CO 1 0 19,39 8 1 3 2 
157 CO 1 0 3,5,7 0 1 7 2 
158 CO 1 0 24,29,34,39 8 1 3 2 
159 CO 1 0 9,19,29,39 8 2 3 2 
160 CO 1 0 17,19,37,39 0 1 7 2 
161 CO 1 0 9,19,29,39 0 2 7 2 
162 CO 1 0 23,27,31,35,39 8 1 3 2 
163 CO 1 0 7,15,23,31,39 0 1 7 2 
164 CO 1 0 23,27,31,35,39 0 1 7 2 
165 CO 1 0 3,5,7,9,11,13 8 1 3 2 
166 GO 1 0 4,9,14,19,24,29,34,39 8 1 3 2 
167 GO 1 0 4,9,14,19,24,29,34,39 0 1 7 2 
168 CO 1 0 13,14,15, 29,30,31,37,38,39 8 2 3 2 
169 CO 1 0 3,7,11,15,19,23,27,31,35,39 8 1 3 2 
170 CO 1 0 3,7,11,15,19,23,27,31,35,39 0 1 7 2 
171 CO 1 0 1,3,5,7,...,37,39 0 1 7 2 
172 CO 1 0 0,1,2,...,39 8 1 3 2 
173 C2 16 1 4,9,14,19,24,29,34,39 0 2 2 6 
174 C2 16 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6 
175 C2 8 1 4,9,14,19,24,29,34,39 0 2 2 6 
176 C2 8 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6 
177 C2 8 1,2 9,19,29,39 0 2 2 6 
178 C2 4 1 4,9,14,19,24,29,34,39 0 1 2 6 
179 C2 4 1 4,9,14,19,24,29,34,39 0 2 2 6 
180 C2 4 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6 
181 C2 2 1 7,15,23,31,39 2 2 2 6 
182 C2 2 1 4,9,14,19,24,29,34,39 0 1 2 6 
183 C2 2 1 4,9,14,19,24,29,34,39 0 2 2 6 
184 C2 2 1 3,7,11,15,19,23,27,31,35,39 0 1 2 6 
185 C2 1 0 19,39 2 1 2 6 
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186 C2 1 0 3,5,7 0 1 2 6 
187 C2 1 0 24,29,34,39 7 1 1 6 
188 C2 1 0 9,19,29,39 7 2 1 6 
189 C2 1 0 17,19,37,39 0 1 2 6 
190 C2 1 0 9,19,29,39 2 2 2 6 
191 C2 1 0 7,15,23,31,39 2 1 2 6 
192 C2 1 0 3,5,7,9,11,13 7 1 1 6 
193 C2 1 0 23,27,31,35,39 7 2 1 6 
194 C2 1 0 23,27,31,35,39 0 1 2 6 
195 C2 1 0 4,9,14,19,24,29,34,39 7 2 1 6 
196 C2 1 0 4,9,14,19,24,29,34,39 2 1 2 6 
197 C2 1 0 13,14,15, 29,30,31,37,38,39 7 2 1 6 
198 C2 1 0 3,7,11,15,19,23,27,31,35,39 7 1 1 6 
199 C2 1 0 3,7,11,15,19,23,27,31,35,39 0 1 2 6 
200 C2 1 0 1,3,5,7,...,37,39 0 1 2 6 
201 C2 1 0 0,1,2,...,39 7 1 1 6 
202 A1/B1 16 1 4,9,14,19,24,29,34,39 2 1 6 2 
203 A1/B1 16 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2 
204 A1/B1 8 1 4,9,14,19,24,29,34,39 2 1 6 2 
205 A1/B1 8 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2 
206 A1/B1 4 1 4,9,14,19,24,29,34,39 2 1 6 2 
207 A1/B1 4 1 3,7,11,15,19,23,27,31,35,39 2 1 6 2 
208 A1/B1 2 1 4,9,14,19,24,29,34,39 2 1 6 2 
209 A1/B1 1 0 19,39 8 1 3 2 
210 A1/B1 1 0 9,19,29,39 8 1 3 2 
211 A1/B1 1 0 17,19,37,39 2 1 6 2 
212 A1/B1 1 0 9,19,29,39 2 2 6 2 
213 A1/B1 1 0 23,27,31,35,39 8 1 3 2 
214 A1/B1 1 0 7,15,23,31,39 2 1 6 2 
215 A1/B1 1 0 23,27,31,35,39 2 1 6 2 
216 A1/B1 1 0 4,9,14,19,24,29,34,39 8 1 3 2 
217 A1/B1 1 0 4,9,14,19,24,29,34,39 2 1 6 2 
218 A1/B1 1 0 3,7,11,15,19,23,27,31,35,39 2 1 6 2 
219 A1/B1 1 0 1,3,5,7,...,37,39 2 1 6 2 
220 A2/B2 16 1 4,9,14,19,24,29,34,39 2 1 3 4 
221 A2/B2 16 1 3,7,11,15,19,23,27,31,35,39 2 1 3 4 
222 A2/B2 8 1 4,9,14,19,24,29,34,39 2 1 3 4 
223 A2/B2 8 1 3,7,11,15,19,23,27,31,35,39 2 1 3 4 
224 A2/B2 4 1 4,9,14,19,24,29,34,39 2 1 3 4 
225 A2/B2 4 1 3,7,11,15,19,23,27,31,35,39 2 1 3 4 
226 A2/B2 2 1 4,9,14,19,24,29,34,39 2 1 3 4 
227 A2/B2 1 0 19,39 6 1 2 4 
228 A2/B2 1 0 9,19,29,39 6 1 2 4 
229 A2/B2 1 0 17,19,37,39 2 1 3 4 
230 A2/B2 1 0 9,19,29,39 2 2 3 4 
231 A2/B2 1 0 23,27,31,35,39 6 1 2 4 
232 A2/B2 1 0 7,15,23,31,39 2 1 3 4 
233 A2/B2 1 0 23,27,31,35,39 2 1 3 4 
234 A2/B2 1 0 4,9,14,19,24,29,34,39 6 1 2 4 
235 A2/B2 1 0 4,9,14,19,24,29,34,39 2 1 3 4 
236 A2/B2 1 0 3,7,11,15,19,23,27,31,35,39 2 1 3 4 
237 A2/B2 1 0 1,3,5,7,...,37,39 2 1 3 4 
238 A3/B3 16 1 4,9,14,19,24,29,34,39 2 1 2 6 
239 A3/B3 16 1 3,7,11,15,19,23,27,31,35,39 2 1 2 6 
240 A3/B3 8 1 4,9,14,19,24,29,34,39 2 1 2 6 
241 A3/B3 8 1 3,7,11,15,19,23,27,31,35,39 2 1 2 6 
242 A3/B3 4 1 4,9,14,19,24,29,34,39 2 1 2 6 
243 A3/B3 4 1 3,7,11,15,19,23,27,31,35,39 2 1 2 6 
244 A3/B3 2 1 4,9,14,19,24,29,34,39 2 1 2 6 
245 A3/B3 1 0 19,39 2 1 2 6 
246 A3/B3 1 0 9,19,29,39 2 1 2 6 
247 A3/B3 1 0 17,19,37,39 2 1 2 6 
248 A3/B3 1 0 9,19,29,39 2 2 2 6 
249 A3/B3 1 0 7,15,23,31,39 2 1 2 6 
250 A3/B3 1 0 23,27,31,35,39 2 1 2 6 
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251 A3/B3 1 0 23,27,31,35,39 2 2 2 6 
252 A3/B3 1 0 4,9,14,19,24,29,34,39 2 1 2 6 
253 A3/B3 1 0 4,9,14,19,24,29,34,39 2 2 2 6 
254 A3/B3 1 0 3,7,11,15,19,23,27,31,35,39 2 1 2 6 
255 A3/B3 1 0 1,3,5,7,...,37,39 2 1 2 6 

6.4 Physical signals 

6.4.1 Reference signals 

6.4.1.1 Demodulation reference signal for PUSCH 

6.4.1.1.1 Sequence generation 

6.4.1.1.1.1 Sequence generation when transform precoding is disabled 


If transform precoding for PUSCH is not enabled, the sequence r(n) shall be generated according to 


r(n) < A (1-2-e(2n))4 a IS RULE NI 


42 42 


where the pseudo-random sequence c(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be 
initialized with 


E A E = 
Cinit = (2 (ns +1+1) (Gs + 1) +217 E +2N,S + ew) mod 231 


where Z is the OFDM symbol number within the slot, me , is the slot number within a frame, and 


- Mp, Mp € (0,1, ...,65535) are given by the higher-layer parameters scramblingIDO and scramblingID1, 
respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI format O0. 1 or O0 2, 
or by a PUSCH transmission with a configured grant; 


- Nj) € (0,1, ...,65535} is given by the higher-layer parameter scramblingIDO in the DMRS-UplinkConfig IE if 
provided and the PUSCH is scheduled by DCI format 0 0 with the CRC scrambled by C-RNTI, MCS-C-RNTI, 
or CS-RNTI; 


- Mp, Nj € (0,1, ...,65535) are, for each msgA PUSCH configuration, given by the higher-layer parameters 
msgA-ScramblingIDO and msgA-ScramblingID1, respectively, in the msgA-DMRS-Configuration IE if provided 
and the PUSCH transmission is triggered by a Type-2 random access procedure as described in clause 8.1A of 
[5, TS 38.213]; 


nop cell : 
- Np -Nj otherwise; 
- Row and 2 are given by 
- if the higher-layer parameter dmrs-Uplink-r16 in the DMRS-UplinkConfig IE is provided 
E =| NsciD A=0ori=2 
Yan 1-nsep 4-1 
A=A 
where A is the CDM group defined in clause 6.4.1.1.3. 


- otherwise 


A ei 
Nscip = nsc 
A=0 
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The quantity nsgp € 10,1) is 


indicated by the DM-RS initialization field, if present, either in the DCI associated with the PUSCH transmission 
if DCI format 0_1 or 0_2, in [4, TS 38.212] is used; 


indicated by the higher layer parameter dmrs-Seglnitialization, if present, for a Type 1 PUSCH transmission with 
a configured grant or for a PUSCH transmission of Type-2 random access process in [5, TS 38.213]; 


determined by the mapping between preamble(s) and a PUSCH occasion and the associated DMRS resource for 
a PUSCH transmission of Type-2 random access process in [5, TS 38.213]; 


otherwise nsqrp = 0. 


6.4.1.1.1.2 Sequence generation when transform precoding is enabled 


If transform precoding for PUSCH is enabled, the reference-signal sequence r(n) shall be generated according to 


(4,8) 


where riy (n) with 6 = 1 depends on the configuration: 


if the higher-layer parameter dmrs-UplinkTransformPrecoding-r16 is configured, n/2-BPSK modulation is used 
for PUSCH, and the PUSCH transmission is not a msg3 transmission, and the transmission is not scheduled 


using DCI format 0 0 in a common search space, no? (n) is given by clause 5.2.3 with cinit given by 


Cinit = (27 (WSS ney + L+ 1)(2N + 1) + 2N 5?  nsem)mod 237 
where nsc = 0 unless given by the DCI according to clause 7.3.1.1.2 in [4, TS38.212] for a transmission 
scheduled by DCI format 0 1, or given by the DCI according to clause 7.3.1.1.3 in [4, TS38.212] for a 
transmission scheduled by DCI format 0_2 if the antenna ports field in the DCI format 0_2 is not 0 bit, or given 
by the higher-layer parameter antennaPort for a PUSCH transmission scheduled by a type-1 configured grant; 
and 


- Np, Mp € (0,1, ...,65535) are given by the higher-layer parameters pi2BPSK-ScramblingIDO and pi2BPSK- 
ScramblingID1, respectively, in the DMRS-UplinkConfig IE if provided and the PUSCH is scheduled by DCI 
format 0 1, or by DCI format 0_2 if the antenna ports field in the DCI format 0 2 is not 0 bit, or by a 
PUSCH transmission with a configured grant; 


- Mp € {0,1, ...,65535) is given by the higher-layer parameter pi2BPSK-ScramblingIDO in the DMRS- 
UplinkConfig IE if provided and the PUSCH is scheduled by DCI format 0_0 with the CRC scrambled by C- 
RNTI, MCS-C-RNTI, or CS-RNTI, or by DCI format 0_2 if the antenna ports field in the DCI format 0_2 is 
0 bit; 


NSCID — cell sca; 
- Np = Mp. otherwise; 


otherwise, ee (n) is given by clause 5.2.2 with a < 0. 


The sequence group u — ( fon + nji) mod 30, where n$ is given by 


n$ = njoSCH if nBUSCH is configured by the higher-layer parameter nPUSCH-Identity in the DMRS- 


UplinkConfig IE, and 


- the higher-layer parameter dmrs-UplinkTransformPrecoding-r16 is not configured or the higher-layer 
parameter dmrsUplinkTransformPrecoding-r16 is configured and n/2-BPSK modulation is not used for 
PUSCH, and 


- the PUSCH is neither scheduled by RAR UL grant nor scheduled by DCI format 0 0 with CRC scrambled by 
TC-RNTI according to clause 8.3 in [5, TS 38.213]; 
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- niš = No? if the higher-layer parameter dmrs-UplinkTransformPrecoding-r16 is configured, n/2-BPSK 


modulation is used for PUSCH, the PUSCH transmission is not a msg3 transmission, and the transmission is not 
scheduled using DCI format 0 0 in a common search space; 
- nkS = NE! otherwise 


where f,, and the sequence number v are given by: 


- if neither group, nor sequence hopping is enabled 


Jih =0 
v=0 


- if group hopping is enabled and sequence hopping is disabled 
fa z (37 ane(8(N nts +1)+m)|mod30 
v=0 


where the pseudo-random sequence c(i) is defined by clause 5.2.1 and shall be initialized with c,, = n RS /30 | 
at the beginning of each radio frame 


- ifsequence hopping is enabled and group hopping is disabled 


Jan aa 0 
c( Nini +1) if Mz 26N. 
v= i 
(0) otherwise 
where the pseudo-random sequence c(i) is defined by clause 5.2.1 and shall be initialized with c,, = njš at 


the beginning of each radio frame. 
The hopping mode is controlled by higher-layer parameters: 


- for PUSCH transmission scheduled by RAR UL grant or by DCI format 0 0 with CRC scrambled by TC-RNTI, 
sequence hopping is disabled and group hopping is enabled or disabled by the higher-layer parameter 
groupHoppingEnabledTransformPrecoding; 


- for all other transmissions, sequence hopping and group hopping are enabled or disabled by the respective 
higher-layer parameters sequenceHopping and sequenceGroupHopping if these parameters are provided, 
otherwise, the same hopping mode as for Msg3 shall be used. 


The UE is not expected to handle the case of combined sequence hopping and group hopping. 


The quantity I above is the OFDM symbol number except for the case of double-symbol DMRS in which case l is the 
OFDM symbol number of the first symbol of the double-symbol DMRS. 


6.4.1.1.2 (void) 


6.4.1.1.3 Precoding and mapping to physical resources 


The sequence r(m) shall be mapped to the intermediate quantity a e according to 


- if transform precoding is not enabled, 
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aje = w, (K)w ()r(2n*K) 
iz un 2k’+A Configuration type 1 


6n+k’+A Configuration type 2 


k'=0,1 

IL +! 
n=0,l,... 
j=0.1,..,0-1 


- if transform precoding is enabled 


aj? =w, (Kw (P) rne) 


k=4n+2k’+A 
k’=0,1 

l=1 +! 

n =0,1,... 


where w; (k') W, (U) , and A are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2 and the configuration type is given by the 


higher-layer parameter DMRS-UplinkConfig, and both k' and A correspond to fo, ..., 9 .,. The intermediate quantity 
~P ph) 


a. = 0 if A corresponds to any other antenna ports than [2 


DMRS 


Puseu In order to 


The intermediate quantity ac) nm shall be precoded, multiplied with the amplitude scaling factor £ 
conform to the transmit power specified in [6, TS 38.214], and mapped to physical resources according to 


(pom) ~ (DoH) 
zn aka 
MEIN 
(Pp-14) -(Bp-un) 
Qy A; 


where 

- the precoding matrix W is given by clause 6.3.1.5, 

- the set of antenna ports Io... Pia) is given by clause 6.3.1.5, and 

- the set of antenna ports Ios Poal is given by [6, TS 38.214]; 
and the following conditions are fulfilled: 

- the resource elements a > are within the common resource blocks allocated for PUSCH transmission. 
The reference point for k is 

- subcarrier 0 in common resource block 0 if transform precoding is not enabled, and 


- subcarrier O of the lowest-numbered resource block of the scheduled PUSCH allocation if transform precoding is 
enabled. 


The reference point for l and the position l of the first DM-RS symbol depends on the mapping type: 
- for PUSCH mapping type A: 


- lis defined relative to the start of the slot if frequency hopping is disabled and relative to the start of each 
hop in case frequency hopping is enabled 


- |, is given by the higher-layer parameter dmrs-TypeA-Position 


- for PUSCH mapping type B: 
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- is defined relative to the start of the scheduled PUSCH resources if frequency hopping is disabled and 
relative to the start of each hop in case frequency hopping is enabled 


- 1y=0 
The position(s) of the DM-RS symbols is given by / and duration lą where 


- 1, is the duration between the first OFDM symbol of the slot and the last OFDM symbol of the scheduled 
PUSCH resources in the slot for PUSCH mapping type A according to Tables 6.4.1.1.3-3 and 6.4.1.1.3-4 if intra- 
slot frequency hopping is not used, or 


- lą is the duration of scheduled PUSCH resources for PUSCH mapping type B according to Tables 6.4.1.1.3-3 
and 6.4.1.1.3-4 if intra-slot frequency hopping is not used, or 


- lq is the duration per hop according to Table 6.4.1.1.3-6 if intra-slot frequency hopping is used. 


- if the higher-layer parameter maxLength in DMRS-UplinkConfig is not configured, or for a msgA transmission 
msgA-MaxLength in msgA-DMRS-Configuration is not configured, the tables shall be used according to single- 
symbol DM-RS 


- if the higher-layer parameter maxLength in DMRS-UplinkConfig is equal to 'len2', the associated DCI or 
configured grant configuration determines whether single-symbol or double-symbol DM-RS shall be used 


- if the higher-layer parameter msgA-MaxLength in msgA-DMRS-Configuration is equal to 'len2', double-symbol 
DM-RS shall be used 


- if the higher-layer parameter dmrs-AdditionalPosition is not set to 'posO' and intra-slot frequency hopping is 
enabled according to clause 7.3.1.1.2 in [4, TS 38.212] and by higher layer, Tables 6.4.1.1.3-6 shall be used 
assuming dmrs-AdditionalPosition is equal to 'posl' for each hop. 


For PUSCH mapping type A, 
- the case dmrs-AdditionalPosition equal to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2'; 
- lą = 4 symbols in Table 6.4.1.1.3-4 is only applicable when dmrs-TypeA-Position is equal to 'pos2'. 

For msgA transmitted using PUSCH mapping type A, 


- the case msgA-DMRS-AdditionalPosition equal to 'pos3' is only supported when dmrs-TypeA-Position is equal to 
'pos2 


-  'dmrs-AdditionalPosition' in Tables Tables 6.4.1.1.3-3 to 6.4.1.1.3-6 shall be replaced by msgA-DMRS- 
AdditionalPosition; 


- only PUSCH DM-RS configuration type 1 is supported. 
For msgA transmitted using PUSCH mapping type B, 


- 'dmrs-AdditionalPosition' in Tables 6.4.1.1.3-3 to 6.4.1.1.3-6 shall be replaced by msgA-DMRS- 
AdditionalPosition; 


- only PUSCH DM-RS configuration type 1 is supported. 


The time-domain index Z and the supported antenna ports p, are given by Table 6.4.1.1.3-5. 
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Table 6.4.1.1.3-1: Parameters for PUSCH DM-RS configuration type 1. 


ETSI TS 138 211 V16.2.0 (2020-07) 


p CDM group " w; (k^) w, Q^) 
4 k=0 k’=1 i =0 sad 
0 0 0 +1 +1 +1 +1 
1 0 0 41 -1 +1 +1 
2 1 1 +1 +1 +1 +1 
3 1 1 +1 -1 +1 +1 
4 0 0 +1 +1 +1 -1 
5 0 0 +1 -1 +1 -1 
6 1 1 +1 +1 +1 -1 
7 1 1 +1 -1 +1 -1 
Table 6.4.1.1.3-2: Parameters for PUSCH DM-RS configuration type 2. 
p CDM group 4 wę (K^) wl’) 
a k’=0 k’=1 l=0 l=1 

0 0 0 +1 +1 +1 +1 
1 0 0 +1 -1 +1 +1 
2 1 2 +1 +1 +1 +1 
3 1 2 +1 -1 41 41 
4 2 4 41 41 41 41 
5 2 4 +1 -1 41 41 
6 0 0 +1 +1 +1 -1 
7 0 0 +1 -1 +1 -1 
8 1 2 +1 +1 +1 -1 
9 1 2 +1 -1 +1 -1 
10 2 4 +1 +1 +1 -1 
11 2 4 +1 -1 +1 -1 


Table 6.4.1.1.3-3: PUSCH DM-RS positions / within a slot for single-symbol DM-RS and intra-slot 


freguency hopping disabled. 


la in DM-RS positions / 
symbols PUSCH mapping type A PUSCH mapping type B 
dmrs-AdditionalPosition dmrs-AdditionalPosition 
pos0 pos1 pos2 pos3 pos0 | post pos2 pos3 
<4 - 5 5 B lo hy hy ly 
4 Ip ly ly ly ly ly ly ly 
5 Ip ly ly ly ly ly, 4 ly, 4 ly, 4 
6 Ip ly ly Ip ly ly; 4 ly; 4 ly; 4 
7 ly ly ly ly ly ly 4 ly, 4 Ip 4 
8 I Ij, 7 ly, 7 ly, 7 ly Ip, 6 hb, 3,6 h, 3, 6 
9 ly b 7 ly, 7 ly, 7 ly Ip, 6 Ih, 3, 6 b» 3,6 
10 I 1, 9 Ip, 6, 9 1, 6, 9 ly 1, 8 l, 4, 8 b. 3, 6, 9 
11 ly I, 9 Ip, 6, 9 1, 6, 9 ly 1, 8 l, 4, 8 b, 3, 6, 9 
12 I I, 9 lh, 6,9 b» 5, 8, 11 ly lj, 10 1, 5, 10 b. 3, 6, 9 
13 ly Ip, 11 I, 7,11 | 1,5,8,11 ly Ip, 10 Ip, 5, 10 1j, 3, 6,9 
14 I Ip, 11 I, 7,11 | h, 5, 8,11 ly l» 10 1, 5, 10 b, 3, 6,9 


Table 6.4.1.1.3-4: PUSCH DM-RS positions / within a slot for double-symbol DM-RS and intra-slot 


frequency hopping disabled. 


ETSI 


3GPP TS 38.211 version 16.2.0 Release 16 77 ETSI TS 138 211 V16.2.0 (2020-07) 
la in symbols DM-RS positions / 
PUSCH mapping type A PUSCH mapping type B 
dmrs-AdditionalPosition dmrs-AdditionalPosition 
pos0 pos1 pos2 pos3 pos0 pos1 pos2 pos3 

<4 - - - - 

4 lg b z E 

5 ly b ly b 

6 l ly b b 

7 l b b b 

8 l b b l9, 5 

9 ly ly ly lo, 5 

10 lg hb, 8 ly ly, 7 

11 lg lj, 8 lg ly, 7 

12 lg lj, 8 ly ly, 9 

13 lg ly, 10 lg ly, 9 

14 lg ly, 10 lg ly, 9 


Table 6.4.1.1.3-5: PUSCH DM-RS time index I’. 


DM-RS duration 


U 


Supported antenna ports p 
Configuration type 1 Configuration type 2 


single-symbol DM-RS 


0-3 0-5 


double-symbol DM-RS 


0,1 


0-7 0-11 


Table 6.4.1.1.3-6: PUSCH DM-RS positions / within a slot for single-symbol DM-RS and intra-slot 
freguency hopping enabled. 


lą in DM-RS positions I 
symbols PUSCH mapping type A PUSCH mapping type B 
Ip <2 ly =3 ly = 0 
dmrs-AdditionalPosition dmrs-AdditionalPosition dmrs-AdditionalPosition 
pos0 pos1 pos0 pos1 pos0 pos1 
15! 2nd 15! 2nd 15! 2nd 15! 2nd 15! 2nd 15! 2nd 
hop | hop | hop hop hop | hop | hop | hop | hop | hop | hop hop 
<3 - - - - - - - - 0 0 0 0 
4 2 0 2 0 3 0 3 0 0 0 0 0 
5,6 2 0 2 0,4 3 0 3 0,4 0 0 0,4 0,4 
7 2 0 2, 6 0, 4 3 0 3 0, 4 0 0 0,4 0, 4 
6.4.1.2 Phase-tracking reference signals for PUSCH 
6.4.1.2.1 Sequence generation 
6.4.1.2.1.1 Sequence generation if transform precoding is not enabled 


If transform precoding is not enabled, the precoded phase-tracking reference signal for subcarrier K on layer j is given 


by 


where 


r9? (m) z [rem ifj = j' or j = j" 
0 otherwise 


- antenna ports 5, or {Bl associated with PT-RS transmission are given by clause 6.2.3 of [6, TS 38.214] 
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-  r(m) is given by clause 6.4.1.1.1.1 


- atthe position of the first DM-RS symbol in absence of PUSCH intra-slot frequency hopping 


- atthe position of the first DM-RS symbol in hop h € 40,1) in presence of PUSCH intra-slot frequency 
hopping 


6.4.1.2.1.2 Sequence generation if transform precoding is enabled 


If transform precoding is enabled, the phase-tracking reference signal r, (m^) to be mapped in position m before 


transform precoding, where m depends on the number of PT-RS groups Nub y the number of samples per PT-RS 


group NS ny. , and MĘUSCH according to Table 6.4.1.2.2.2-1, shall be generated according to 


gi Pedo) 
r,(m)<w(K) ———|(1- 2c(m)) )+j(1- 2c(m’)) | 
J2 
m CELI 
s =0,1,.. P -1 


k’ =0,1, NES? — 


samp 


where the pseudo-random sequence c(i) is defined in clause 5.2.1 and w(i) is given by Table 6.4.1.2.1.2-1. The 
pseudo-random sequence generator shall be initialized with 


Cinit = (27 (NSO ne, + 1+ 1)(2Np + 1) + 2Np )mod2?! 


sym 


where / is the lowest OFDM symbol number in the PUSCH allocation in slot ni , that contains PT-RS according to 
clause 6.4.1.2.2.2 and Np is given by the higher-layer parameter nPUSCH-Identity. 


Table 6.4.1.2.1.2-1: The orthogonal sequence w(i). 


"gy odN Gamp Nam = 2 Nm 4 
[WO wq] WO w(D wQ) wo] 
0 ba +1] [+1 +1 +1 +1] 
1 ba -1] kl -1 +1 il 
2 - kt 41 =i =i] 
3 - [+1 -i -1 41] 


6.4.1.2.2 Mapping to physical resources 


6.4.1.2.2.1 Precoding and mapping to physical resources if transform precoding is not enabled 


The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PUSCH, and only if the 
procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used. 


The PUSCH PT-RS shall be mapped to resource elements according to 


(Pot) z 
dj rPo0(2n + k') 
: =BprRsW| ||: 
aoo) r(9v-) (2n + k^) 


NM P +2k'+A configuration type 1 
6n+k'+A configuration type 2 


when all the following conditions are fulfilled 


ETSI 


3GPP TS 38.211 version 16.2.0 Release 16 79 ETSI TS 138 211 V16.2.0 (2020-07) 


- [is within the OFDM symbols allocated for the PUSCH transmission 
- resource element (k,1) is not used for DM-RS 


- k’ and A correspond to Po, ..., By. 4 
The quantities k' and A are given by Tables 6.4.1.1.3-1 and 6.4.1.1.3-2, the configuration type is given by the higher- 


layer parameter DMRS-UplinkConfig, and the precoding matrix W is given by clause 6.3.1.5. The quantity Bprpg is an 
amplitude scaling factor to conform with the transmit power specified in clause 6.2.2 of [6, TS 38.214]. 


The set of time indices / defined relative to the start of the PUSCH allocation is defined by 
l.seti = O and J... <0 


2. if any symbol in the interval max(l,,; + (i — 1)Lpr.ns + 1, Lef), ---, rec + iLpr.gs overlaps with a symbol used for 
DM-RS according to clause 6.4.1.1.3 


- seti=1 


- Set lep to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS or to the symbol index 
of the second DM-RS symbol in case of a double-symbol DM-RS 


- repeat from step 2 as long as lp + iL is inside the PUSCH allocation 


ref PT-RS 


3. add I, + iL, ps to the set of time indices for PT-RS 


ref 
4. increment i by one 


5. repeat from step 2 above as long as 1, + iL, 4, is inside the PUSCH allocation 


ref 


where Lpr.ps € {1,2,4} is defined in Table 6.2.3.1-1 of [6, TS 38.214]. 


For the purpose of PT-RS mapping, the resource blocks allocated for PUSCH transmission are numbered from 0 to 
Np —1 from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of resource 


blocks are numbered in increasing order starting from the lowest frequency from 0 to NF? Npp —1. The subcarriers to 


which the PT-RS shall be mapped are given by 


ks kai + (iK prrs EE ) NE 


ref ref 


RB _ > mod Ky, s, if N44 mod Kpr xs = 0 


ref ^77 


Nguri mod( N,, mod K,, ps) otherwise 


where 


- iz0]12.... 


- RE is given by Table 6.4.1.2.2.1-1 for the DM-RS port associated with the PT-RS port according to clause 


6.2.3 in [6, TS 38.214]. If the higher-layer parameter resourceElementOffset in PTRS-UplinkConfig is not 
configured, the column corresponding to 'offset00' shall be used. 


- ngyn is the RNTI associated with the DCI scheduling the transmission using C-RNTI, CS-RNTI, MCS-C- 
RNTI, SP-CSI-RNTI, or is the CS-RNTI in case of configured grant 


- Neg is the number of resource blocks scheduled 


- Kprrs € {2,4} is given by [6, TS 38.214]. 
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Table 6.4.1.2.2.1-1: The parameter FF 


ref " 


DM-RS antenna port kli 
DM-RS Configuration type 1 DM-RS Configuration type 2 
p resourceElementOffset resourceElementOffset 
offset00 offset01 offset10 offset11 offset00 offset01 offset10 offset11 
0 0 2 6 8 0 1 6 7 
1 2 4 8 10 1 6 7 0 
2 1 3 7 9 2 3 8 9 
3 3 5 9 11 3 8 9 2 
4 s : : - 4 5 10 11 
5 - - - - 5 10 11 4 
6.4.1.2.2.2 Mapping to physical resources if transform precoding is enabled 


The UE shall transmit phase-tracking reference signals only in the resource blocks and OFDM symbols used for the 
PUSCH, and only if the procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used. 


The sequence r, (m^) shall be multiplied by ^ and mapped to N25, Ngrow, complex valued symbols in '" (m) where 


- © (m) are the complex-valued symbols in OFDM symbol Z before transform precoding according to clause 
6.3.1.4 


- m depends on the number of PT-RS groups NI. , the number of samples per PT-RS group ND and 
M PSSCH. according to Table 6.4.1.2.2.2-1 


-  f' is the ratio between amplitude of one of the outermost constellation points for the modulation scheme used 
for PUSCH and one of the outermost constellation points for n/2-BPSK as defined in clause 6.2.3 of [TS 38.214] 


The set of time indices / for which PT-RS shall be transmitted is defined relative to the start of the PUSCH allocation 
and is defined by 


1. set i<0 and I 0 


ref — 


2. if any symbol in the interval max(l,,; + (i — 1)Lpr.ns + 1, Lef), --- , rec + iLpr-gs overlaps with a symbol used for 
DM-RS according to clause 6.4.1.1.3 


- seti=1 


- Set lep to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS and to the symbol 
index of the second DM-RS symbol in case of a double-symbol DM-RS 


- repeat from step 2 as long as /,, * iL, ,, is inside the PUSCH allocation 


ref 


3. add ler +iL,, zs to the set of time indices for PT-RS 
4. increment i by one 


5. repeat from step 2 above as long as 1, + iL, 4, is inside the PUSCH allocation 


where Lpr.ps € (1,2) is given by the higher-layer parameter timeDensityTransformPrecoding in PTRS-UplinkConfig. 
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Table 6.4.1.2.2.2-1: PT-RS symbol mapping. 


pee coe of Index m of PT-RS samples in OFDM symbol / prior to 
- samples per ; 
groups PT-RS group transform precoding 
mao | Na 
2 2 s[MPUSCH 74] + k — 1 where s = 1,3 and k = 0,1 
2 4 PUSCH d = 0 and k = 0,1,2,3 
Me SPRE Sand Ju enaA 
4 2 PUSCH 
[s My?" /8] + k — 1 where s = 1,3,5,7 and k = 0,1 
4 4 sMEUSCH /4 +n + k where 
s=0 and k = 0,1,2,3 n=0 
l =12 and k= —2, —1,0,1 n = [MIUSCH /g| 
s=4 and k = —4,—3,—2,—1 n=0 
8 4 [s MPUSCH 78] +n + k where 
s=0 and k=0,1,2,3 n=0 
l = 1,2,3,4,5,6 and k=-—2,-1,0,1 n = |MPUSCH /16]| 
s=8 and k=—4, —3,—2,—1 n=0 
6.4.1.3 Demodulation reference signal for PUCCH 
6.4.1.3.1 Demodulation reference signal for PUCCH format 1 
6.4.1.3.1.1 Sequence generation 


The reference signal sequence is defined by 


/ArRB 47 PUCCH,I RB a (4,6) 
z(mNĘ Nsro +mN,, *n)2 wm): ri (n) 


n<0,1,.., NF —1 


PUCCH, I 
m=0,1,..., N20 24 


m = 


, [O  nointra-slot frequency hopping 
0,1 intra-slot frequency hopping enabled 


where NI is given by Table 6.4.1.3.1.1-1 and the sequence ga (n) is given by clause 5.2.2. 
Intra-slot frequency hopping shall be assumed when the higher-layer parameter intraSlotFrequencyHopping is enabled, 
regardless of whether the frequency-hop distance is zero or not, otherwise no intra-slot frequency hopping shall be 


assumed. 


The orthogonal sequence w;(m) is given by Table 6.3.2.4.1.-2 with the same index i as used in clause 6.3.2.4.1. 
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Table 6.4.1.3.1.1-1: Number of DM-RS symbols and the corresponding Nee 


PUCCH length, NPUCCH,I 
NPUCCH.I SF 
symb No intra-slot Intra-slot hopping 
hopping m <0 m =1 
m <0 


NI] Ni} |] O1|O1 AAJN 
BB] 09] 09/09/09] PO] PO] PO | TO "|" 
09} BY] Od] 09] PO] 09] PO] PO] =| Po] + 


4 
5 
6 
7 
8 
9 

10 

11 

12 

13 

14 


6.4.1.3.1.2 Mapping to physical resources 


The sequence shall be multiplied with the amplitude scaling factor 4,,4ccg, in order to conform to the transmit power 


specified in [5, 38.213] and mapped in sequence starting with z(0) to resource elements (k, l), in a slot on antenna 
port p — 2000 according to 


Qu) _ 
Qt = BpyccH17 (m) 
l = 0,2,4, ... 


where | = 0 corresponds to the first OFDM symbol of the PUCCH transmission and (k, l), „ shall be within the 
resource blocks assigned for PUCCH transmission according to [5, TS 38.213]. 


For interlaced transmission, the mapping operation shall be repeated for each resource block in the interlace and in the 
active bandwidth part over the assigned physical resource blocks according to clause 9.2.1 of [5, TS 38.213], with the 
resource-block dependent sequence generated according to clause 6.3.2.2. 


6.4.1.3.2 Demodulation reference signal for PUCCH format 2 


6.4.1.3.2.1 Sequence generation 
The reference-signal sequence z,(m) shall be generated according to 
za (mNse EO? + i) = w,(i)n (m) 
(m) “(A 2c(2 NEU 2c(2m + 1)) 
nr, (m) = —(1 —2c(2m — (1 — 2c(2m 
l v2 Ih 


mi PUCCH,2 
i = 0,1, ..., Noi 


m = 0,1,... 
where the pseudo-random sequence c(i) is defined in clause 5.2. The pseudo-random sequence generator shall be 
initialized with 

Cie = (27 (Ni n5, + 1 + 1)(2My + 1) + 2My) mod 25! 


ymb 


where / is the OFDM symbol number within the slot, "- , is the slot number within the radio frame, and w, (i) and 
Nov are defind in clause 6.3.2.5.2A. 


The quantity Nj) € (0,1, ...,65535} is given by the higher-layer parameter scramblingIDO in the DMRS-UplinkConfig 


IE if provided and by M$! otherwise. If a UE is configured with both dmrs-UplinkForPUSCH-MappingTypeA and 
dmrs-UplinkForPUSCH-MappingTypeB, scramblingIDO is obtained from dmrs-UplinkForPUSCH-MappingTypeB. 
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6.4.1.3.2.2 Mapping to physical resources 


The sequence shall be multiplied with the amplitude scaling factor BpyccH,2 in order to conform to the transmit power 
specified in [5, 38.213] and mapped in sequence starting with z,(0) to resource elements (k, Ds in a slot on antenna 
port p < 2000 according to 


Pu) _ 
akı = Bpoccuozi (m) 


k < 3m 11 


where k is defined relative to subcarrier 0 of common resource block O and (k, Dp, „ Shall be within the resource blocks 
assigned for PUCCH transmission according to clause 9.2.1 of [5, TS 38.213]. 


6.4.1.3.3 Demodulation reference signal for PUCCH formats 3 and 4 


6.4.1.3.3.1 Seguence generation 


The reference-signal sequence r; (m) shall be generated according to 


n(n) =? (m) 


u,v 


PUCCH,s 
m=0,1,..., MF] 


where MQ CH" is given by clause 6.3.2.6.3 and rm (m) depends on the configuration: 


- if the higher-layer parameter dmrs-UplinkTransformPrecodingP UCCH-r16 is configured, and r/2-BPSK is 
used for PUCCH, nn (m) is given by clause 5.2.3 with 6 = 0 and cj, given by clause 6.4.1.3.2.1. The 
sequence group u and the sequence number v depend on the sequence hopping in clause 6.3.2.2.1. 

- Otherwise, noo (m) is given by clause 6.3.2.2 and the cyclic shift a varies with the symbol number and slot 
number according to clause 6.3.2.2.2 with 
- My = 0 for PUCCH format 3 without interlaced mapping; 


- mq obtained from Table 6.4.1.3.3.1-1 with the orthogonal sequence index n given by clause 6.3.2.6.3 for 
PUCCH format 3 with interlaced mapping and PUCCH format 4. 


Table 6.4.1.3.3.1-1: Cyclic shift index m, for PUCCH format 3 with interlaced mapping and PUCCH 


format 4. 
Orthogonal Cyclic shift index my 
sequence index n PUCCH, PUCCH, 
KE METTRE PUCCH,s 
Nsp = 4 
0 0 0 0 
1 - 6 6 
2 - : 3 
3 - - 9 
6.4.1.3.3.2 Mapping to physical resources 


The sequence shall be multiplied with the amplitude scaling factor Bpuccn,„» SE 3,4}, in order to conform to the 
transmit power specified in [5, 38.213] and mapped in sequence starting with 7,(0) to resource elements (k, 1), ,, on 
antenna port p = 2000 according to 

ag? = BpuccHs (m). 


PUCCH,s 
m=0,1,.... MPH —1 
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where 
- kis defined relative to subcarrier O of the lowest-numbered resource block assigned for PUCCH transmission, 


- L is given by Table 6.4.1.3.3.2-1 for the case with and without intra-slot frequency hopping and with and 


without additional DM-RS as described in clause 9.2.1 of [TS 38.213], where / <0 corresponds to the first 
OFDM symbol of the PUCCH transmission. 


The resource elements (k, l)p „ shall be within the resource blocks assigned for PUCCH transmission according to 
clause 9.2.1 of [5, TS 38.213]. 


Table 6.4.1.3.3.2-1: DM-RS positions for PUCCH format 3 and 4. 


PUCCH length DM-RS position / within PUCCH span 
No additional DM-RS Additional DM-RS 
No hopping Hopping No hopping Hopping 
4 1 0,2 1 0,2 
5 0,3 0,3 
6 1,4 1,4 
7 1,4 1,4 
8 1,5 1,5 
9 1,6 1,6 
10 2,7 1,3,6,8 
11 2,7 1,3,6,9 
12 2,8 1,4, 7, 10 
13 2,9 1, 4, 7, 11 
14 3, 10 1, 5,8, 12 
6.4.1.4 Sounding reference signal 


6.4.1.4.1 SRS resource 


An SRS resource is configured by the SRS-Resource IE or the SRS-PosResource-r16 VE and consists of 
NSRS_4 
- Ne € {1,2,4} i} Nas , Where the number of antenna ports is given by the higher layer 
parameter nro - figured, otherwise AM = 1, and p; = 1000 + i when the SRS resource is in a 
SRS resource set with higher-layer parameter usage in SRS-ResourceSet not set to 'nonCodebook', or determined 


according to [6, TS 38.214] when the SRS resource is in a SRS resource set with higher-layer parameter usage in 
SRS-ResourceSet set to nonCodebook' 
- Nm € (1,2,4,8,12) consecutive OFDM symbols given by the field nrofSymbols contained in the higher layer 


parameter resourceMapping 


- lo, the starting position in the time domain given by lọ = No — 1 — lyge. Where the offset lorcet € (0,1, ...,13} 


counts symbols backwards from the end of the slot and is given by the field startPosition contained in the higher 


layer parameter resource Mapping and log; = NS -1 


- ko, the frequency-domain starting position of the sounding reference signal 


6.4.1.4.2 Sequence generation 
The sounding reference signal sequence for an SRS resource shall be generated according to 
r (n1) = rye” (m) 
O<n< MS -1 


sc,b 


l € {0,1, aS 1] 
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where ME is given by clause 6.4.1.4.3, Ro 5 (n) is given by clause 5.2.2 with 8 = log.(Kyc) and the transmission 


comb number Krc € {2,4,8} is contained in the higher-layer parameter transmissionComb. The cyclic shift x, for 


antenna port p; is given as 


U 


. cs,max ; —] 
si [s 1 USG (p; 00) a noe 


SRS 
Nw 


where ng. € b. lna -il is contained in the higher layer parameter transmissionComb. The maximum number of 


cyclic shifts n<Re"" are given by Table 6.4.1.4.2-1. 


The sequence group u — (f, en pl) + n$) mod 30 and the sequence number v in clause 5.2.2 depends on the 
higher-layer parameter groupOrSequenceHopping in the SRS-Resource IE or the SRS-PosResource-r16 IE. The SRS 
sequence identity n;Ę$ is given by the higher layer parameter sequenceld in the SRS-Resource IE, in which case "iM € 


, or the -Poskesource-r , in which case nip” € . The guantit € 
(0, 1, ..., 1023], or the SRS-PosR 16 IE hich SRS € 40 1, ..., 65535). The q yl 


(0, I; o Newb = 1} is the OFDM symbol number within the SRS resource. 


- if groupOrSeguenceHopping equals 'neither', neither group, nor sequence hopping shall be used and 
Ja (u^. , r)= 0 
v=0 


- if groupOrSeguenceHopping equals 'groupHopping', group hopping but not sequence hopping shall be used and 


Fan (n Et ke. (sln, WS, +1 e I)e m). 2" ) moa 30 


0 


where the pseudo-random sequence c(i) is defined by clause 5.2.1 and shall be initialized with cy = nj at 
the beginning of each radio frame. 


- if groupOrSequenceHopping equals 'sequenceHopping', sequence hopping but not group hopping shall be used 
and 


Ja (nit uje 0 
a [it Niger) MSS Sone 
0 


otherwise 


where the pseudo-random sequence c(i) is defined by clause 5.2.1 and shall be initialized with Cint = nji at 
the beginning of each radio frame. 


Table 6.4.1.4.2-1: Maximum number of cyclic shifts nšas" as a function of Kc. 


Kre SE 
2 8 
4 12 
8 6 
6.4.1.4.3 Mapping to physical resources 


When SRS is transmitted on a given SRS resource, the sequence r®? (n, I’) for each OFDM symbol [ and for each of 
the antenna ports of the SRS resource shall be multiplied with the amplitude scaling factor Bop, in order to conform to 


(pi 


the transmit power specified in [5, 38.213] and mapped in seguence starting with r 0,1’) to resource elements (k,l) 


in a slot for each of the antenna ports p; according to 
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Lik 


(pi) = 
dych HKD P+, Nop 
TC 9 x 0 


0 otherwise 


Borst PK) k'201.,M95—1 1’ =0,1,..., NSS —] 


sc,b symb = 


The length of the sounding reference signal sequence is given by 
M; = MgesaNse /Krc 


where mpg , 1S given by a selected row of Table 6.4.1.4.3-1 with b= Bsps where Bsps € {0,1,2,3} is given by the field 


b-SRS contained in the higher-layer parameter freqHopping if configured, otherwise Bsps = 0. The row of the table is 
selected according to the index Csps € {0,1,....63} given by the field c-SRS contained in the higher-layer parameter 


freqHopping. 


The frequency-domain starting position kP? is defined by 
BsRs 
KP? = kg" +). Kein, 
b=0 


ko? = sni Ni? NE (47 + Ks) mod Kac 
KPD = ka + Kqc/2) mod Kqc  ifn$ks € (ngps”*/2, ...„ngps”* — 1) and Nyy = 4 and p; € (1001, 1003} 


krc otherwise 


If NERT < n,uig the reference point for kP? = 0 is subcarrier 0 in common resource block 0, otherwise the reference 


point is the lowest subcarrier of the BWP. 


If the SRS is configured by the IE SRS-PosResource-r16, the quantity o K is given by Table 6.4.1.4.3-2, otherwise 
ka = 0. 


The frequency domain shift value nis, adjusts the SRS allocation with respect to the reference point grid and is 


contained in the higher-layer parameter fregDomainShift in the SRS-Resource IE or the SRS-PosResource-r16 IE. The 
transmission comb offset kre € (0,1, ..., Kre — 1) is contained in the higher-layer parameter transmissionComb in the 
SRS-Resource IE or the SRS-PosResource-r16 IE and n, is a frequency position index. 


Frequency hopping of the sounding reference signal is configured by the parameter byo, € {0,1,2,3}, given by the field 
b-hop contained in the higher-layer parameter fregHopping if configured, otherwise byo, = 0. 


If b, 2 Bors > frequency hopping is disabled and the frequency position index n, remains constant (unless re- 


configured) and is defined by 
Ny = [4nerc Ji MSRS,b {mod N, 


for all Nb OFDM symbols of the SRS resource. The quantity ngge is given by the higher-layer parameter 


freqDomainPosition if configured, otherwise ngge = 0, and the values of msęs , and N, for b= Bsąs are given by the 


selected row of Table 6.4.1.4.3-1 corresponding to the configured value of Css; . 


If b, < Bors > frequency hopping is enabled and the frequency position indices n, are defined by 


zr. |4nanc/ Meso] mod N, b < Drop 
i (F, (nsps) + |Ampac/ Msęs|) mod N, otherwise 


where N, is given by Table 6.4.1.4.3-1, 
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b b 
hsps mod II;.,, Np nsps mod Ipp Np 
(N12) a p if N, even 
F, (ses) = B'=Dhop Ny 2H bobne Ny 


LN, 12 ses Aon Ny if N,, odd 


and where N,,,, = 1 regardless of the value of N,,. The quantity nsęs counts the number of SRS transmissions. For the 
case of an SRS resource configured as aperiodic by the higher-layer parameter resourceType, it is given by 


ngęs 7 [I/R | within the slot in which the N38$ symbol SRS resource is transmitted. The quantity R < NSS 


symb symb 1S the 


repetition factor given by the field repetitionFactor contained in the higher-layer parameter resourceMapping if 


configured, otherwise R < NS 


For the case of an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, 
the SRS counter is given by 


frame, Au SRS 
N ng * Ds e = T offset N yin + | IM | 


ñ mi slot 
SRS 
R R 


Tsns 


for slots that satisfy (N fame An; +n PARA )mod Tsps = 0. The periodicity Typ, in slots and slot offset 7, are 


slot 


given in clause 6.4.1.4.4. 
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Table 6.4.1.4.3-1: SRS bandwidth configuration. 
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Csns Bsps —0 Bsęs —1 Bsps = 2 Bsęs =3 
MSRS,0 No MSRS,1 Ni MSRS,2 N, MSRS,3 N; 
0 4 1 4 1 4 1 4 1 
1 8 1 4 2 4 1 4 1 
2 12 1 4 3 4 1 4 1 
3 16 1 4 4 4 1 4 1 
4 16 1 8 2 4 2 4 1 
5 20 1 4 5 4 1 4 1 
6 24 1 4 6 4 1 4 1 
7 24 1 12 2 4 3 4 1 
8 28 1 4 7 4 1 4 1 
9 32 1 16 2 8 2 4 2 
10 36 1 12 3 4 3 4 1 
11 40 1 20 2 4 5 4 1 
12 48 1 16 3 8 2 4 2 
13 48 1 24 2 12 2 4 3 
14 52 1 4 13 4 1 4 1 
15 56 1 28 2 4 7 4 1 
16 60 1 20 3 4 5 4 1 
17 64 1 32 2 16 2 4 4 
18 72 1 24 3 12 2 4 3 
19 72 1 36 2 12 3 4 3 
20 76 1 4 19 4 1 4 1 
21 80 1 40 2 20 2 4 5 
22 88 1 44 2 4 11 4 1 
23 96 1 32 3 16 2 4 4 
24 96 1 48 2 24 2 4 6 
25 104 1 52 2 4 13 4 1 
26 112 1 56 2 28 2 4 7 
27 120 1 60 2 20 3 4 5 
28 120 1 40 3 8 5 4 2 
29 120 1 24 5 12 2 4 3 
30 128 1 64 2 32 2 4 8 
31 128 1 64 2 16 4 4 4 
32 128 1 16 8 8 2 4 2 
33 132 1 44 3 4 11 4 1 
34 136 1 68 2 4 17 4 1 
35 144 1 72 2 36 2 4 9 
36 144 1 48 3 24 2 12 2 
37 144 1 48 3 16 3 4 4 
38 144 1 16 9 8 2 4 2 
39 152 1 76 2 4 19 4 1 
40 160 1 80 2 40 2 4 10 
41 160 1 80 2 20 4 4 5 
42 160 1 32 5 16 2 4 4 
43 168 1 84 2 28 3 4 T 
44 176 1 88 2 44 2 4 11 
45 184 1 92 2 4 23 4 1 
46 192 1 96 2 48 2 4 12 
47 192 1 96 2 24 4 4 6 
48 192 1 64 3 16 4 4 4 
49 192 1 24 8 8 3 4 2 
50 208 1 104 2 52 2 4 13 
51 216 1 108 2 36 3 4 9 
52 224 1 112 2 56 2 4 14 
53 240 1 120 2 60 2 4 15 
54 240 1 80 3 20 4 4 5 
55 240 1 48 5 16 3 8 2 
56 240 1 24 10 12 2 4 3 
57 256 1 128 2 64 2 4 16 
58 256 1 128 2 32 4 4 8 
59 256 1 16 16 8 2 4 2 
60 264 1 132 2 44 3 4 11 
61 272 1 136 2 68 2 4 17 
62 272 1 68 4 4 17 4 1 
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63 272 1 16 17 8 2 4 2 
Table 6.4.1.4.3-2: The offset kowo for SRS as a function of Krc and l'. 
K NSRS 1 
i; Kottsev --> Koftset 
wees, = 1 | Nżęg,=2 | NSS, = 4 NSS, = 8 NS. = 12 
2 0 0,1 0,1,0,1 - - 
4 - 0, 2 0,2,1,3 0,2,1,3,0,2,1,3 0,2,1,3,0,2,1,3,0,2,1,3 
8 - - 0,4,2,6 0, 4, 2,6, 1,5,3,7 0, 4, 2, 6, 1, 5, 8, 7, 0, 4, 2,6 
6.4.1.4.4 Sounding reference signal slot configuration 


For an SRS resource configured as periodic or semi-persistent by the higher-layer parameter resourceType, a periodicity 
Tags (in slots) and slot offset Ty... are configured according to the higher-layer parameter periodicityAndOffset-p or 
periodicityAndOffset-sp in the SRS-Resource IE, or periodicityAndOffset-p-r16 or periodicityAndOffset-sp-r16 in the 
SRS-PosResource-r16 IE. Candidate slots in which the configured SRS resource may be used for SRS transmission are 
the slots satisfying 


(N me ne + nh — Typy MOM Tops = 0 


slot offset 


SRS is transmitted as described in clause 11.1 of [5, TS 38.213]. 


7 Downlink 


7.1 Overview 


7.1.1 


A downlink physical channel corresponds to a set of resource elements carrying information originating from higher 
layers. The following downlink physical channels are defined: 


Overview of physical channels 


- Physical Downlink Shared Channel, PDSCH 
- Physical Broadcast Channel, PBCH 


- Physical Downlink Control Channel, PDCCH. 


7.1.2 


A downlink physical signal corresponds to a set of resource elements used by the physical layer but does not carry 
information originating from higher layers. 


Overview of physical signals 


The following downlink physical signals are defined: 
- Demodulation reference signals, DM-RS 
-  Phase-tracking reference signals, PT-RS 
- Positioning reference signal, PRS 
- Channel-state information reference signal, CSI-RS 
- Primary synchronization signal, PSS 


- Secondary synchronization signal, SSS 
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7.2 Physical resources 


The frame structure and physical resources the UE shall assume when receiving downlink transmissions are defined in 
Clause 4. 


The following antenna ports are defined for the downlink: 
- Antenna ports starting with 1000 for PDSCH 
- Antenna ports starting with 2000 for PDCCH 
- Antenna ports starting with 3000 for channel-state information reference signals 
- Antenna ports starting with 4000 for SS/PBCH block transmission 
- Antenna ports starting with 5000 for positioning reference signals 


The UE shall not assume that two antenna ports are quasi co-located with respect to any QCL type unless specified 
otherwise. 


7:8 Physical channels 


7.3.1 Physical downlink shared channel 


7.3.1.1 Scrambling 


Up to two codewords ge 40,1) can be transmitted. In case of single-codeword transmission, q=0. 


For each codeword q , the UE shall assume the block of bits b(? (0), ..., b) mP — 1), where m? is the number of 


bits in codeword g transmitted on the physical channel, are scrambled prior to modulation, resulting in a block of 
scrambled bits b( (0), ..., b (M? — 1)according to 
bO(i) = (bM(i) + c(D(i)) mod 2 


where the scrambling sequence c(i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized 
with 


E 15 14 
Cipit = qu 2^ tag: 27 + mp 
where 


- Ape 40,1,...,1023] equals the higher-layer parameter dataScramblingldentityPDSCH if configured and the RNTI 


eguals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI format 1_0 in 
a common search space; 


- mmy € (0,1, ...,1023] equals 


- the higher-layer parameter dataScramblingldentityPDSCH if the codeword is scheduled using a CORESET 
with CORESETPoollndex equal to 0; 


- the higher-layer parameter AdditionaldataScramblingldentityPDSCH if the codeword is scheduled using a 
CORESET with CORESETPoolIndex equal to 1; 


if the higher-layer parameters dataScramblingldentityPDSCH and AdditionaldataScramblingIdentityP DSCH are 
configured together with the higher-layer parameter CORESETPoolIndex containing two different values, and 
the RNTI equals the C-RNTI, MCS-C-RNTI, or CS-RNTI, and the transmission is not scheduled using DCI 
format 1. 0 in à common search space; 


- Np = NS! otherwise 
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and where npyrr corresponds to the RNTI associated with the PDSCH transmission as described in clause 5.1 of [6, TS 
38.214]. 


7.3.1.2 Modulation 


For each codeword q, the UE shall assume the block of scrambled bits b(0), th b o (Mt — 1) are modulated as 
described in clause 5.1 using one of the modulation schemes in Table 7.3.1.2-1, resulting in a block of complex-valued 
modulation symbols d (0), ..., d? (MS, — 1). 


Table 7.3.1.2-1: Supported modulation schemes. 


Modulation scheme Modulation order 
Qm 
QPSK 2 
16QAM 4 
64QAM 6 
256QAM 8 


7.3.1.3 Layer mapping 


The UE shall assume that complex-valued modulation symbols for each of the codewords to be transmitted are mapped 
onto one or several layers according to Table 7.3.1.3-1. Complex-valued modulation symbols d“ (0), ..., aD (MED. = 
1) for codeword q shall be mapped onto the layers x(i) = [x 0(i). .. x®-Y@]", i = 0,1, aM — 1 where v is 


the number of layers and Moi, is the number of modulation symbols per layer. 
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Table 7.3.1.3-1: Codeword-to-layer mapping for spatial multiplexing. 


Number of layers 


Number of codewords 


Codeword-to-layer mapping 


. layer 
i—0,,.., M —1 


1 


x) (i) = qo (i) M layer _ =M (0) 


symb symb 


ao sid Or) 


MIE = =M (0) 


2 
x (i) =d Qi +1) M si, = Mme 


xP (i) 2 d? (3i 2) 


x (i) z q i) 
xO@=dBi4) Myro = M Yab /3 


x) (i) =d (4i 4-2) ed 


aed 4i) 


Dry — JOJ; 
x (i) =d (4i + 1) layer _ (0) 
M sę M Symb /4 


xO (i) = d (4i 3) 


x (i) =d (oj) 
. : layer _ (0) a a) 
xD (i) = d (3i) M symb = M Symb 2 $^ M Symb B 


x4 (i) z d (3i 2) 


x? (i) 2 a Qi 41) 


x (i) =d Bit) 


x? (i) = a9 (3i 2) 


x? (i) = d (3i 1) 


xO) =d Bi) 
xP) =d (3i 1) 


M layer _ =M (0) 3=M (€) 3 
KO (i) = d i) symb — O as. 


x (i) =d Bit 2) 


x (i) = d (3j) 

x (i) 2 qO (3i 1) 

x (i) z qO (3i 4 2) 

x (i) = d (4i) M = MQ, B=MO,, /4 
x (i) 2 dP (4i 1) 

xO (i) z aO (4i 2) 

x (i) z q9 (4i 3) 


x ye 
x (i) =d (4i 1) 
x? (i) z a (4i 2) 
x (i) z d (4143) 
x (i) z d (4i) 
x) (i) 2 d P (4i 1) 
x9 (i) 2 d? (4i 2) 
x (i) z d (4i 3) 


layer (0) = a) 
M symb =m, /4=M$), /4 


7.3.1.4 Antenna port mapping 


The block of vectors [x (i) 


xe», i 


0,1, ..., 


Mrs — 1 shall be mapped to antenna ports according to 
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y(i) x® (i) 


yP (i) x UD (i) 


where i = 0,1,..., M nb —1, Mi b = Ma . The set of antenna ports {Po a Pol shall be determined according to the 


procedure in [4, TS 38.212]. 


7.3.1.5 Mapping to virtual resource blocks 


The UE shall, for each of the antenna ports used for transmission of the physical channel, assume the block of complex- 
valued symbols y ?? (0), ..., y? (Mit — 1) conform to the downlink power allocation specified in [6, TS 38.214] and 
are mapped in sequence starting with y? (0) to resource elements (k', D,,u in the virtual resource blocks assigned for 


transmission which meet all of the following criteria: 
- they are in the virtual resource blocks assigned for transmission; 


- the corresponding physical resource blocks are declared as available for PDSCH according to clause 5.1.4 of [6, 
TS 38.214]; 


- the corresponding resource elements in the corresponding physical resource blocks are 


- not used for transmission of the associated DM-RS or DM-RS intended for other co-scheduled UEs as 
described in clause 7.4.1.1.2; 


- not used for non-zero-power CSI-RS according to clause 7.4.1.5 if the corresponding physical resource 
blocks are for PDSCH scheduled by PDCCH with CRC scrambled by C-RNTI, MCS-C-RNTI, CS-RNTI, or 
PDSCH with SPS, except if the non-zero-power CSI-RS is a CSI-RS configured by the higher-layer 
parameter CSI-RS-Resource-Mobility in the MeasObjectNR IE or except if the non-zero-power CSI-RS is an 
aperiodic non-zero-power CSI-RS resource; 


- pot used for PT-RS according to clause 7.4.1.2; 
- not declared as 'not available for PDSCH according to clause 5.1.4 of [6, TS 38.214]. 


The mapping to resource elements (k', [),,,, allocated for PDSCH according to [6, TS 38.214] and not reserved for other 
purposes shall be in increasing order of first the index k’ over the assigned virtual resource blocks, where k =0 is the 
first subcarrier in the lowest-numbered virtual resource block assigned for transmission, and then the index / . 


7.3.1.6 Mapping from virtual to physical resource blocks 


The UE shall assume the virtual resource blocks are mapped to physical resource blocks according to the indicated 
mapping scheme, non-interleaved or interleaved mapping. If no mapping scheme is indicated, the UE shall assume non- 
interleaved mapping. 


For non-interleaved VRB-to-PRB mapping, virtual resource block n is mapped to physical resource block n , except 


for PDSCH transmissions scheduled with DCI format 1 0 in a common search space in which case virtual resource 


block n is mapped to physical resource block n + NSQRESET where N£ORESET is the lowest-numbered physical resource 


block in the control resource set where the corresponding DCI was received. 
For interleaved VRB-to-PRB mapping, the mapping process is defined by: 
- Resource block bundles are defined as 


- for PDSCH transmissions scheduled with DCI format 1 0 with the CRC scrambled by SI-RNTI in TypeO- 
PDCCH common search space in CORESET 0, the set of NES init resource blocks in CORESET 0 are 
divided into Npundie = [NS init / L] resource-block bundles in increasing order of the resource-block number 
and bundle number where L = 2 is the bundle size and NZS init is the size of CORESET 0. 


- resource block bundle Npundie — 1 consists of NZS jnit mod L resource blocks if Này nit mod L > 0 and 
L resource blocks otherwise, 
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- all other resource block bundles consists of L resource blocks. 


- for PDSCH transmissions scheduled with DCI format 1 0 in any common search space in bandwidth part i 
with starting position NgWwp, other than Type0-PDCCH common search space in CORESET 0, the set of 
NS virtual resource blocks (0,1, ..., NS init — 1}, where NS, init is the size of CORESET 0 if 
CORESET 0 is configured for the cell and the size of initial downlink bandwidth part if CORESET 0 is not 
configured for the cell, are divided into N,, dje Virtual resource-block bundles in increasing order of the 


size 


virtual resource-block number and virtual bundle number and the set of Ngwp init physical resource blocks 


NOREL, NOE NI PENE 1) are divided into N,,naje physical resource-block 


bundles in increasing order of the physical resource-block number and physical bundle number, where 
Noaae = [(NSwpini + (News + NZ ^T) mod L)/L], L = 2 is the bundle size, and NẸQRESET is the 
lowest-numbered physical resource block in the control resource set where the corresponding DCI was 
received. 


- resource block bundle 0 consists of L — (CN T Neo) mod L) resource blocks, 


- resource block bundle Npunaie — 1 consists of (Nie init + NBO, + NOR SET) mod L resource blocks if 


(NSW init + Nip, + NGSRSSET) mod L > 0 and L resource blocks otherwise, 
- all other resource block bundles consists of L resource blocks. 


- for all other PDSCH transmissions, the set of Nees resource blocks in bandwidth part i with starting 
position Ngyp,, are divided into Npundie = [ (sits + (Nit, mod L)) / L| resource-block bundles in 
increasing order of the resource-block number and bundle number where L; is the bundle size for bandwidth 


part i provided by the higher-layer parameter vrb-ToPRB-Interleaver and 


- resource block bundle 0 consists of L; — (v BWPi mod L) resource blocks, 


- resource block bundle N, unde —1 consists of (v BWP, + Npwbi |modz, resource blocks if 


(v Bwp; + Newey )mod L; >0 and L; resource blocks otherwise, 


- allother resource block bundles consists of L; resource blocks. 


- Virtual resource blocks in the interval je 10.1..... Noundle — 1} are mapped to physical resource blocks according 


to 


- virtual resource block bundle Mundie —1 is mapped to physical resource block bundle Npundie — 1 


- virtual resource block bundle je 40,1,...,N bundle — 2) is mapped to physical resource block bundle f ( j) 
where 


fj) srl tc 
j=cR+r 
r=0,1,...,R-l 
c<0,1,..,C-1 
R=2 

C= LN band / R| 


- The UE is not expected to be configured with L; = 2 simultaneously with a PRG size of 4 as defined in [6, TS 
38.214] 


The UE may assume that the same precoding in the frequency domain is used within a PRB bundle and the bundle size 
is determined by clause 5.1.2.3 in [6, TS 38.214]. The UE shall not make any assumption that the same precoding is 
used for different bundles of common resource blocks. 
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7.3.2 Physical downlink control channel (PDCCH) 


7.3.2.1 Control-channel element (CCE) 


A physical downlink control channel consists of one or more control-channel elements (CCEs) as indicated in Table 
7.3.2.1-1. 


Table 7.3.2.1-1: Supported PDCCH aggregation levels. 


Aggregation level Number of CCEs 
1 1 
2 2 
4 4 
8 8 
16 16 


7.3.2.2 Control-resource set (CORESET) 


A control-resource set consists of NYPRFSET resource blocks in the frequency domain and NU € (1,2,3) symbols in 


the time domain. 


A control-channel element consists of 6 resource-element groups (REGs) where a resource-element group equals one 
resource block during one OFDM symbol. Resource-element groups within a control-resource set are numbered in 
increasing order in a time-first manner, starting with O for the first OFDM symbol and the lowest-numbered resource 
block in the control resource set. 


A UE can be configured with multiple control-resource sets. Each control-resource set is associated with one CCE-to- 
REG mapping only. 


The CCE-to-REG mapping for a control-resource set can be interleaved or non-interleaved and is described by REG 
bundles: 


- REG bundle i is defined as REGs {iL,iL+1,...,iL+ L—1} where L is the REG bundle size, i = 
0,1, ..., Ngee /L — 1, and Neg SET = NE FT N SORS" is the number of REGs in the CORESET 


- CCE j consists of REG bundles {f (6j/L), f (6j/ L--1)..... f (6j/ L-- 6/L—1)) where f() is an interleaver 


For non-interleaved CCE-to-REG mapping, L — 6 and f(x) < x. 


For interleaved CCE-to-REG mapping, L € {2,6}for No ^. = 1 and L € NC ae 6) for NO SET € {2,3}. The 


interleaver is defined by 


f(x) = (rC + c + Nyin) mod (NGQEET/L) 
x=cR+r 
r=0,1,..,R-1 
c = 0,1,..,C— 1 
C = NG  / (LR) 


where Re 123,6}. 


The UE is not expected to handle configurations resulting in the quantity C not being an integer. 


For a CORESET configured by the ControlResourceSet IE: 


CORESET 
7 NRB 


is given by the higher-layer parameter frequencyDomainResources; 


CORESET 
- N symb 


layer parameter dmrs-TypeA-Position equals 3; 


is given by the higher-layer parameter duration, where NE — 3 is supported only if the higher- 


- interleaved or non-interleaved mapping is given by the higher-layer parameter cce-REG-MappingType; 
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- L equals 6 for non-interleaved mapping and is given by by the higher-layer parameter reg-BundleSize for 
interleaved mapping; 


- Risgiven by the higher-layer parameter interleaverSize; 


- Dun € (0,1, ...,274) is given by the higher-layer parameter shiftIndex if provided, otherwise ngpi = NE! 


- for both interleaved and non-interleaved mapping, the UE may assume 


- the same precoding being used within a REG bundle if the higher-layer parameter precoderGranularity 
equals sameAsREG-bundle; 


- the same precoding being used across the all resource-element groups within the set of contiguous resource 
blocks in the CORESET, and that no resource elements in the CORESET overlap with an SSB or LTE cell- 
specific reference signals as indicated by the higher-layer parameter /te- CRS-ToMatchA round or 
additionalLTE-CRS-ToMatchA roundList, if the higher-layer parameter precoderGranularity equals 
allContiguousRBs. 


For CORESET 0 configured by the ControlResourceSetZero IE: 


- N&Q'P*T and NSM, are defined by clause 13 of [5, TS 38.213]; 


- the UE may assume interleaved mapping 


- L<6; 

- R=2; 

2. Rak = NE. 
shift ID » 


- the UE may assume normal cyclic prefix when CORESET 0 is configured by MIB or SIBI; 


- the UE may assume the same precoding being used within a REG bundle. 


7.3.2.3 Scrambling 


The UE shall assume the block of bits b(0), ..., h(M,,, — 1), where M,,, is the number of bits transmitted on the 


physical channel, is scrambled prior to modulation, resulting in a block of scrambled bits b(0), ..., b(M, — 1) 
according to 


bi) = (b(i) + c(i)) mod 2 
where the scrambling sequence c(i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized 
with 
7 ( 516 ) d2?! 
Cjnit = ViRNTI 4. + 5p Jmo 
where 


- for a UE-specific search space as defined in clause 10 of [5, TS 38.213], np € 10.,..,65535] equals the higher- 
layer parameter pdcch-DMRS-ScramblingID if configured, 
- Typ = NE" otherwise 
and where 


Npyqi 1S given by the C-RNTI for a PDCCH in a UE-specific search space if the higher-layer parameter pdcch- 
DMRS-ScramblingID is configured, and 


-  Agwr; 7 0 otherwise. 


ETSI 


3GPP TS 38.211 version 16.2.0 Release 16 98 ETSI TS 138 211 V16.2.0 (2020-07) 


7.3.2.4 PDCCH modulation 


The UE shall assume the block of bits 5(0), ..., b(Mpit — 1) to be QPSK modulated as described in clause 5.1.3, 
resulting in a block of complex-valued modulation symbols d(0), ..., d(Msymp — 1). 


7.3.2.5 Mapping to physical resources 


The UE shall assume the block of complex-valued symbols d (0), ..., d(Msymp — 1) to be scaled by a factor Bppccy and 
mapped to resource elements (k, l), ,, used for the monitored PDCCH and not used for the associated PDCCH DMRS 
in increasing order of first k , then Z. The antenna port p = 2000. 


7.3.8 Physical broadcast channel 


7.3.3.1 Scrambling 


The UE shall assume the block of bits b(0), ..., b(M;,, — 1), where My is the number of bits transmitted on the 


physical broadcast channel, are scrambled prior to modulation, resulting in a block of scrambled bits b(0), ..., b(M,, — 
1) according to 


b(i) = bli) + c(i + vM,1)) mod 2 


where the scrambling sequence c(i) is given by clause 5.2. The scrambling sequence shall be initialized with Cinit = 
NE! at the start of each SS/PBCH block where 


- for Lmax = 4, V is the two least significant bits of the candidate SS/PBCH block index 
- for Lmax > 4, V is the three least significant bits of the candidate SS/PBCH block index 


with Lmax being the maximum number of candidate SS/PBCH blocks in a half frame, as described in [5, TS 38.213]. 


7.3.3.2 Modulation 


The UE shall assume the block of bits b(0), ..., b(M,,, — 1) are QPSK modulated as described in clause 5.1.3, resulting 
in a block of complex-valued modulation symbols dpgcn(0), ..., dppcH (Msymb — 1). 


7.3.3.3 Mapping to physical resources 


Mapping to physical resources is described in clause 7.4.3. 


7.4 Physical signals 
7.4.1 Reference signals 


7.4.1.1 Demodulation reference signals for PDSCH 


7.4.1.1.1 Sequence generation 


The UE shall assume the sequence r(n) is defined by 


r(n) =--(1-2-c(20))+ jE (1-2-cQn-1). 


V2 V2 


where the pseudo-random sequence c(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be 
initialized with 
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sym 


E A „A = 
Cint = (2 (ns +1+1) (ano + 1) +27 E + 2N,S + ew) mod 23+ 


where / is the OFDM symbol number within the slot, nz , is the slot number within a frame, and 


- Mp, Mp € (0,1, ...,65535) are given by the higher-layer parameters scramblingIDO and scramblingID1, 
respectively, in the DMRS-DownlinkConfig IE if provided and the PDSCH is scheduled by PDCCH using DCI 
format 1 1 or 1 2 with the CRC scrambled by C-RNTI, MCS-C-RNTI, or CS-RNTI 


- Nj € £0,1, ...,65535) is given by the higher-layer parameter scramblingIDO in the DMRS-DownlinkConfig IE if 
provided and the PDSCH is scheduled by PDCCH using DCI format 1 0 with the CRC scrambled by C-RNTI, 
MCS-C-RNTI, or CS-RNTI; 

A$ciD cell : 

- Np = Mp otherwise; 

- nip and 1 are given by 
- if the higher-layer parameter dmrs-Downlink-r16 in the DMRS-DownlinkConfig IE is provided 


al =| Nscip A=0ord=2 
SED" (1—nscp A= 1 


A <A 
where A is the CDM group defined in clause 7.4.1.1.2. 


- Otherwise by 


ZA E 
nscip = scp 


A=0 


The quantity nsqjp € 40,1) is given by the DM-RS sequence initialization field, if present, in the DCI associated with 
the PDSCH transmission if DCI format 1_1 or 1_2 in [4, TS 38.212] is used, otherwise nsqqp = 0. 


7.4.1.1.2 Mapping to physical resources 


The UE shall assume the PDSCH DM-RS being mapped to physical resources according to configuration type 1 or 
configuration type 2 as given by the higher-layer parameter dmrs-Type. 


The UE shall assume the sequence r(m) is scaled by a factor Bye), to conform with the transmission power specified 


in [6, TS 38.214] and mapped to resource elements (k, l), ,, according to 


avi? = Bosse (K), (U’)r(2n +k’) 


4n+2k’+A Configuration type 1 
d | 6n+k’+A Configuration type 2 
k 20, 
l=1 +7 
n <0,]1,... 


where w;(k’), w,(/'), and A are given by Tables 7.4.1.1.2-1 and 7.4.1.1.2-2 and the following conditions are fulfilled: 
- the resource elements are within the common resource blocks allocated for PDSCH transmission 


The reference point for k is 


- Subcarrier 0 of the lowest-numbered resource block in CORESET 0 if the corresponding PDCCH is associated 
with CORESET 0 and Type0-PDCCH common search space and is addressed to SI-RNTI; 


- Otherwise, subcarrier 0 in common resource block 0 
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The reference point for / and the position /, of the first DM-RS symbol depends on the mapping type: 


- for PDSCH mapping type A: 
- | is defined relative to the start of the slot 
- lọ < 31f the higher-layer parameter dmrs-TypeA- Position is equal to 'pos3' and lọ = 2 otherwise 


- for PDSCH mapping type B: 


- L is defined relative to the start of the scheduled PDSCH resources 


The position(s) of the DM-RS symbols is given by l and duration lą where 


- for PDSCH mapping type A, ły is the duration between the first OFDM symbol of the slot and the last OFDM 
symbol of the scheduled PDSCH resources in the slot 


- for PDSCH mapping type B, l4 is the duration of the scheduled PDSCH resources 
and according to Tables 7.4.1.1.2-3 and 7.4.1.1.2-4. 
For PDSCH mapping type A 
- the case dmrs-AdditionalPosition equals to 'pos3' is only supported when dmrs-TypeA-Position is equal to 'pos2'; 


- ly 3 and ly = 4 symbols in Tables 7.4.1.1.2-3 and 7.4.1.1.2-4 respectively is only applicable when dmrs- 
TypeA-Position is equal to 'pos2'; 


- single-symbol DM-RS, l, = 11 except if all of the following conditions are fulfilled in which case ly = 12: 


- the higher-layer parameter /te- CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList is 
configured; and 


- the higher-layer parameter dmrs-AdditionalPosition is equal to 'posl' and ly = 3; and 
- the UE has indicated it is capable of additionalDMRS-DL-Alt 
For PDSCH mapping type B 


- if the PDSCH duration ly € {2,3,4,5,6,7,8,9,10,11,12,13} OFDM symbols for normal cyclic prefix or ly € 
(2,4,6) OFDM symbols for extended cyclic prefix, and the front-loaded DM-RS of the PDSCH allocation 


collides with resources reserved for a search space set associated with a CORESET, [ shall be incremented such 
that the first DM-RS symbol occurs immediately after the CORESET and until no collision with any CORESET 
Occurs, and 


- if the PDSCH duration ły is 2 symbols, the UE is not expected to receive a DM-RS symbol beyond the 
second symbol; 


- if the PDSCH duration ly is 5 symbols and if one additional single-symbol DMRS is configured, the UE 
expects the additional DM-RS to be transmitted on the fifth symbol; 


- if the PDSCH duration ły is 7 symbols for normal cyclic prefix or 6 symbols for extended cyclic prefix: 
- the UE is not expected to receive the front-loaded DM-RS beyond the fourth symbol, and 


- ifone additional single-symbol DM-RS is configured, the UE only expects the additional DM-RS to be 
transmitted on the 5th or 6th symbol when the front-loaded DM-RS symbol is in the 1st or 2nd symbol, 
respectively, of the PDSCH duration, otherwise the UE should expect that the additional DM-RS is not 
transmitted; 


- ifthe PDSCH duration l, is 12 or 13 symbols, the UE is not expected to receive a DM-RS symbol mapped to 
symbol 12 or later in the slot; 
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- for all values of the PDSCH duration lą other than 2, 5, and 7 symbols, the UE is not expected to receive a 
DM-RS symbol beyond the (l4 — 1):th symbol; 


- if the PDSCH duration ły is less than or equal to 4 OFDM symbols, only single-symbol DM-RS is supported. 


- if the higher-layer parameter lte-CRS-ToMatchAround or additionalLTE-CRS-ToMatchAroundList is configured, 
the PDSCH duration ly = 10 symbols for normal cyclic prefix, the subcarrier spacing configuration u = 0, 
single-symbol DM-RS is configured, and at least one PDSCH DM-RS symbol in the PDSCH allocation collides 
with a symbol containing resource elements as indicated by the higher-layer parameter /te-CRS-ToMatchAround 
or additionalLTE-CRS-ToMatchA roundList, then | shall be incremented by one in all slots. 


The time-domain index l’ and the supported antenna ports p are given by Table 7.4.1.1.2-5 where 


- Ssingle-symbol DM-RS is used if the higher-layer parameter maxLength in the DMRS-DownlinkConfig IE is not 
configured 


- single-symbol or double-symbol DM-RS is determined by the associated DCI if the higher-layer parameter 
maxLength in the DMRS-DownlinkConfig IE is equal to 'len2'. 


In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDSCH DM-RS and 
SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and, 
when applicable, spatial Rx parameters. Unless specified otherwise, the UE may assume that the PDSCH DM-RS 
within the same CDM group are quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay 
spread, and spatial Rx (when applicable). The UE may assume that DMRS ports associated with a TCI state as 
described in clause 5.1.6.2 of [6, TS 38.214] of a PDSCH are QCL with QCL Type A, Type D (when applicable) and 
average gain. 


The UE may assume that no DM-RS collides with the SS/PBCH block. 


ETSI 


3GPP TS 38.211 version 16.2.0 Release 16 


102 


ETSI TS 138 211 V16.2.0 (2020-07) 


Table 7.4.1.1.2-1: Parameters for PDSCH DM-RS configuration type 1. 


p CDM group A wę (k') w, (^) 
A k=0 k' <1 l’=0 l'z1 

1000 0 0 +1 +1 +1 +1 
1001 0 0 +1 -1 +1 +1 
1002 1 1 +1 +1 +1 +1 
1003 1 1 +1 -1 41 41 
1004 0 0 +1 +1 +1 -1 
1005 0 0 +1 -1 +1 -1 
1006 1 1 +1 +1 +1 -1 
1007 1 1 +1 -1 +1 -1 

Table 7.4.1.1.2-2: Parameters for PDSCH DM-RS configuration type 2. 

p CDM group A wę (k^) w.Q) 

3 k=0 k <1 l’=0 l'z1 

1000 0 0 +1 +1 +1 +1 
1001 0 0 +1 -1 +1 +1 
1002 1 2 +1 +1 +1 +1 
1003 1 2 +1 -1 41 41 
1004 2 4 +1 +1 +1 +1 
1005 2 4 +1 -1 +1 +1 
1006 0 0 +1 +1 +1 -1 
1007 0 0 +1 -1 +1 -1 
1008 1 2 +1 +1 +1 -1 
1009 1 2 +1 -1 +1 -1 
1010 2 4 +1 +1 +1 -1 
1011 2 4 +1 -1 +1 -1 


Table 7.4.1.1.2-3: PDSCH DM-RS positions / for single-symbol DM-RS. 


lą in symbols DM-RS positions / 
PDSCH mapping type A PDSCH mapping type B 
dmrs-AdditionalPosition dmrs-AdditionalPosition 
poso post pos2 pos3 poso post | pos2 pos3 
2 - - - - ly h lo lo 
3 lo lo lo lo lo- lo- lo lo 
4 lo lo lo lo ly ly lo lo 
5 lo lo lo l lo- lo 4- lo 4 lo, 4 
6 lo lo lo lo lo l,,4 lo, 4 lo, 4 
7 ly Lis i ly l l,,4 lo, 4 lg, 4 
8 lo los ls bor lo- lg 6- | 1,3,6 | 153,6 
9 lo lost eee lo, 7 lo- lo 7- | lg,4,7 | lo4,7 
10 lg lg, 9 ly, 6,9 ly, 6,9 lo- lo7- | 19,47 | 1547 
11 lo lo, 9 lo, 6, 9 lo, 6, 9 lo- lo 8- lo 4,8 lo 3, 6,9 
12 lg lg, 9 19,6,9 | Jo, 5,8, 11 lo- lo 9- | 155,9 | lo3,6,9 
13 lo lo, L lo, 7, lo, 5, 8, 11 lo- lo 9- lo 5,9 lo 3, 6,9 
11 
14 lo ły; l lg, 7, | 19,5,8, 11 s - g 
11 
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Table 7.4.1.1.2-4: PDSCH DM-RS positions / for double-symbol DM-RS. 


la in symbols DM-RS positions / 

PDSCH mapping type A PDSCH mapping type B 
dmrs-AdditionalPosition dmrs-AdditionalPosition 
poso post pos2 poso post pos2 

<4 2 R 

4 lo lo n E 

5 lg lo lo- lo- 

6 lo lo lo lo 

7 lo lo lo ly 

8 l l lo- lg, 5- 

9 lo lo lo- Ig, 5- 

10 lo lj, 8 lo- lo, 7- 

11 lo lo, 8 lo- lo, 7- 

12 lo lj, 8 lo- lo, 8- 

13 lo l, 10 lg lo, 8- 

14 lo lg, 10 g E 


Table 7.4.1.1.2-5: PDSCH DM-RS time index /' and antenna ports p. 


Single or double symbol U Supported antenna ports p 
DM-RS Configuration type 1 Configuration type 2 
single 0 1000 - 1003 1000 — 1005 
double 0, 1 1000 — 1007 1000 - 1011 
7.4.1.2 Phase-tracking reference signals for PDSCH 
7.4.1.2.1 Sequence generation 


The phase-tracking reference signal for subcarrier k is given by 
r, =r(2m+ k) 


where r(2m+k’) is the demodulation reference signal given by clause 7.4.1.1.2 at position /, and subcarrier k 


7.4.1.2.2 Mapping to physical resources 


The UE shall assume phase-tracking reference signals being present only in the resource blocks used for the PDSCH, 
and only if the procedure in [6, TS 38.214] indicates phase-tracking reference signals being used. 


If present, the UE shall assume the PDSCH PT-RS is scaled by a factor Bpr.ps,; to conform with the transmission power 
specified in clause 4.1 of [6, TS 38.214] and mapped to resource elements (k, l)p „according to 


(Pu) _ 
api = Bpr-Rs,iTk 


when all the following conditions are fulfilled 
- [is within the OFDM symbols allocated for the PDSCH transmission 


- resource element (k, l)p „ is not used for DM-RS, non-zero-power CSI-RS (except for those configured for 


mobility measurements or with resourceType in corresponding CSI-ResourceConfig configured as 'aperiodic'), 
zero-power CSI-RS, SS/PBCH block, a detected PDCCH according to clause 5.1.4.1 of [6, TS38.214], or is 
declared as 'not available' by clause 5.1.4 of [6, TS 38.214] 
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The set of time indices / defined relative to the start of the PDSCH allocation is defined by 


1. seti = 0 and lef <0 


2. if any symbol in the interval max(lzes + (i — 1)Lpr.ps + 1, Lef), +-.  lret + iLpr. gg overlaps with a symbol used for 
DM-RS according to clause 7.4.1.1.2 


- seti=1 


- Set, to the symbol index of the DM-RS symbol in case of a single-symbol DM-RS and to the symbol 
index of the second DM-RS symbol in case of a double-symbol DM-RS 


- repeat from step 2 as long as l ef + iLpy.ps is inside the PDSCH allocation 
3. add ley + iLpr.ps to the set of time indices for PT-RS 
4. increment i by one 
5. repeat from step 2 above as long as lief + iLpr.ps is inside the PDSCH allocation 
where Lpr.ps € 1244]. 


For the purpose of PT-RS mapping, the resource blocks allocated for PDSCH transmission are numbered from 0 to 
Np —1 from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of resource 


blocks are numbered in increasing order starting from the lowest frequency from 0 to N "W gp —1. The subcarriers to 
which the UE shall assume the PT-RS is mapped are given by 


k=k¥ PiKo +k AS 


ref ref 


RB — 
Ks = 


ka mod K prrs if N,, mod K prrs =0 


hey mod(N,, mod Kprgs) otherwise 
where 
- i=0,1,2,... 


KRE is given by Table 7.4.1.2.2-1 for the DM-RS port associated with the PT-RS port according to clause 


5.1.6.3 in [6, TS 38.214]. If the higher-layer parameter resourceElementOffset in the PTRS-DownlinkConfig IE 
is not configured, the column corresponding to 'offset00' shall be used. 


-  Npnqi 18 the RNTI associated with the DCI scheduling the transmission 
-  Ngg is the number of resource blocks scheduled 
- Kprrs € {2,4} is given by [6, TS 38.214]. 


Table 7.4.1.2.2-1: The parameter k" 


ref " 


kis 
EMR? gora pori DM-RS Configuration type 1 DM-RS Configuration type 2 
resourceElementOffset resourceElementOffset 
offset00 offset01 offset10 offset11 offset00 offset01 offset10 offset11 
1000 0 2 6 8 0 1 6 7 
1001 2 4 8 10 1 6 7 0 
1002 1 3 7 9 2 3 8 9 
1003 3 5 9 11 3 8 9 2 
1004 - - - - 4 5 10 11 
1005 - - - - 5 10 11 4 
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7.4.1.3 Demodulation reference signals for PDCCH 


7.4.1.3.1 Sequence generation 


The UE shall assume the reference-signal sequence r, (m) for OFDM symbol / is defined by 


snis 209) 5 liże). 


5 5 


where the pseudo-random sequence c(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be 
initialized with 
Cint = (27 (Nome; + L+ 1)2Np + 1) + 2Np)mod2?! 


sym 


where / is the OFDM symbol number within the slot, n , is the slot number within a frame, and 
- Nye {0, 1,...,65535] is given by the higher-layer parameter pdcch-DMRS-ScramblingID if provided 


- N,, =Né&" otherwise. 


7.4.1.3.2 Mapping to physical resources 


The UE shall assume the sequence 7, (m) is mapped to resource elements (k, l)p ,, according to 


(p.i) _ QPDCCH , 
akı = PpMRS "r (3n+k’) 


k=nN$ +4k' +1 
k=0,1,2 
n =0,1,... 


where the following conditions are fulfilled 


- they are within the resource element groups constituting the PDCCH the UE attempts to decode if the higher- 
layer parameter precoderGranularity equals sameAsREG-bundle, 


- all resource-element groups within the set of contiguous resource blocks in the CORESET where the UE 
attempts to decode the PDCCH if the higher-layer parameter precoderGranularity equals allContiguousRBs. 


The reference point for k is 


- subcarrier 0 of the lowest-numbered resource block in the CORESET if the CORESET is configured by the 
PBCH or by the controlResourceSetZero field in the PDCCH-ConfigCommon IE, 


- subcarrier 0 in common resource block 0 otherwise 
The quantity / is the OFDM symbol number within the slot. 


The antenna port p = 2000. 


A UE not attempting to detect a PDCCH in a CORESET shall not make any assumptions on the presence or absence of 
DM-RS in the CORESET. 


In absence of CSI-RS configuration, and unless otherwise configured, the UE may assume PDCCH DM-RS and 
SS/PBCH block to be quasi co-located with respect to Doppler shift, Doppler spread, average delay, delay spread, and, 
when applicable, spatial Rx parameters. 
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7.4.1.4 Demodulation reference signals for PBCH 


7.4.1.4.1 Sequence generation 


The UE shall assume the reference-signal sequence r(m) for an SS/PBCH block is defined by 


Amie 320m) je Dm) 


NA NA 


where c(n) is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each SS/PBCH 
block occasion with 


Coie = 2" (kss + 1)([ Mis" /4| +1) +2° (ksa +1) c (Ng mod 4) 


where 


- for Lmax = 4, hsg = issg +4n,, Where ny is the number of the half-frame in which the PBCH is transmitted in a 
frame with n,, =O for the first half-frame in the frame and n, =1 for the second half-frame in the frame, and 
issp 18 the two least significant bits of the candidate SS/PBCH block index as defined in [5, TS 38.213] 


- for Lmax > 4, ksp = iggs Where isgp is the three least significant bits of the candidate SS/PBCH block index as 
defined in [5, TS 38.213] 


with Lmax being the maximum number of candidate SS/PBCH blocks in a half frame, as described in [5, TS 38.213]. 


7.4.1.4.2 Mapping to physical resources 


Mapping to physical resources is described in clause 7.4.3. 
7.4.1.5 CSI reference signals 


7.4.1.5.1 General 
Zero-power (ZP) and non-zero-power (NZP) CSI-RS are defined 


- fora non-zero-power CSI-RS configured by the NZP-CSI-RS-Resource IE or by the CSI-RS-Resource-Mobility 
field in the CS7-RS-ResourceConfigMobility IE, the sequence shall be generated according to clause 7.4.1.5.2 
and mapped to resource elements according to clause 7.4.1.5.3 


- for a zero-power CSI-RS configured by the ZP-CSI-RS-Resource IE, the UE shall assume that the resource 
elements defined in clause 7.4.1.5.3 are not used for PDSCH transmission subject to clause 5.1.4.2 of [6, TS 
38.214]. The UE performs the same measurement/reception on channels/signals except PDSCH regardless of 
whether they collide with ZP CSI-RS or not. 


7.4.1.5.2 Sequence generation 


The UE shall assume the reference-signal sequence r(m) is defined by 


im) sce (eb je 22D) 


NA J2 


where the pseudo-random seguence c(i) is defined in clause 5.2.1. The pseudo-random seguence generator shall be 
initialised with 


Cinit = (210 (vše, £141)(2nyp + 1) + njp)mod25? 


sym 
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at the start of each OFDM symbol where ni , is the slot number within a radio frame, / is the OFDM symbol number 
within a slot, and mp equals the higher-layer parameter scramblingID or sequenceGenerationConfig. 
7.4.1.5.3 Mapping to physical resources 


For each CSI-RS configured, the UE shall assume the sequence r(m) being mapped to resources elements (k,1),,, 
according to 


ag” = Boss; (k): w (^): UKE (m’) 


, "n kp 
m < Ina |+k || 


sc 


I<I4l 
for X <1 
dis p for 
2p forX >l 
n=0,l,... 


when the following conditions are fulfilled: 


- the resource element (k, 1), „ is within the resource blocks occupied by the CSI-RS resource for which the UE is 
configured 


The reference point for k = 0 is subcarrier 0 in common resource block 0. 


The value of p is given by the higher-layer parameter density in the CSI-RS-ResourceMapping IE or the CSI-RS- 
CellMobility VE and the number of ports X is given by the higher-layer parameter nrofPorts. 


The UE is not expected to receive CSI-RS and DM-RS on the same resource elements. 


The UE shall assume gps > 0 for a non-zero-power CSI-RS where fcis is selected such that the power offset 
specified by the higher-layer parameter powerControlOfjsetSS in the NZP-CSI-RS-Resource IE, if provided, is fulfilled. 


The quantities k’, ', wę (k') „and w, (^) are given by Tables 7.4.1.5.3-1 to 7.4.1.5.3-6 where each (či) in a given row 


of Table 7.4.1.5.3-1 corresponds to a CDM group of size 1 (no CDM) or size 2, 4, or 8. The CDM type is provided by 
the higher layer parameter cdm-Type in the CSI-RS-ResourceMapping IE. The indices k' and l’ index resource elements 
within a CDM group. 


The time-domain locations lọ € (0,1, ..., 13] and 4 € (2,3, ..., 12) are provided by the higher-layer parameters 
firstOFDMSymbolInTimeDomain and firstOFDMSymbolInTimeDomain2, respectively, in the CSI-RS- 
ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE and defined relative to the start of a slot. 


The frequency-domain location is given by a bitmap provided by the higher-layer parameter 
frequencyDomainAllocation in the CSI-RS-ResourceMapping IE or the CSI-RS-ResourceConfigMobility IE with the 
bitmap and value of k; in Table 7.4.1.5.3-1 given by 


-  |b;---by], ki-1 = f(i) for row 1 of Table 7.4.1.5.3-1 

- [by ---by], ki-1 = f@ for row 2 of Table 7.4.1.5.3-1 

- [b,b], ki-1 = 4f(I) for row 4 of Table 7.4.1.5.3-1 

- [bs ---by |, k;., = 2f (i) for all other cases 
where f (i ) is the bit number of the i™ bit in the bitmap set to one, repeated across every [1/p] of the resource blocks 
configured for CSI-RS reception by the UE. The starting position and number of the resource blocks in which the UE 


shall assume that CSI-RS is transmitted are given by the higher-layer parameters freqBand and density in the CSI-RS- 
ResourceMapping IE for the bandwidth part given by the higher-layer parameter BWP-Id in the CSI-ResourceConfig IE 
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or given by the higher-layer parameters nrofPRBs in the CSI-RS-CellMobility IE where the the startPRB given by csi- 
rs-MeasurementBW is relative to common resource block 0. 


The UE shall assume that a CSI-RS is transmitted using antenna ports p numbered according to 


p =3000+ 5+ jL; 
j20.,., N/L-1 
s = 0,1,..., L-1; 


where s is the sequence index provided by Tables 7.4.1.5.3-2 to 7.4.1.5.3-5, Le {1,2,4,8$ is the CDM group size, and 
N is the number of CSI-RS ports. The CDM group index j given in Table 7.4.1.5.3-1 corresponds to the 


time/frequency locations (k „I ) for a given row of the table. The CDM groups are numbered in order of increasing 
frequency domain allocation first and then increasing time domain allocation. For a CSI-RS resource configured as 
periodic or semi-persistent by the higher-layer parameter resourceType or configured by the higher-layer parameter 
CSI-RS-CellMobility, the UE shall assume that the CSI-RS is transmitted in slots satisfying 


frame, Ho 
[ADS Ny T ha T, 


offset 


) mod TestRs = 9 


where the periodicity 7, (in slots) and slot offset Tyr... are obtained from the higher-layer parameter CSI- 


SI-RS 
ResourcePeriodicityAndOffset or slotConfig. The UE shall assume that CSI-RS is transmitted in a candidate slot as 
described in clause 11.1 of [5, TS 38.213]. 


The UE may assume that antenna ports within a CSI-RS resource are guasi co-located with OCL Type A, Type D 
(when applicable), and average gain. 
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Table 7.4.1.5.3-1: CSI-RS locations within a slot. 


ETSI TS 138 211 V16.2.0 (2020-07) 


Row | Ports | Density |  cdm-Type (k i) CDM group k' ji 
X p | index j 
1 1 3 noCDM (ko, lo), (ko + 4, lo), (ko + 8,15) 0,0,0 0 0 
2 1 „0.5 | noCDM (ko lo), 0 0 0 
3 2 0.5 | fd-CDM2 (ko lo), 0 0,1 [0 
4 4 fd-CDM2 (Ko, lo), (ko + 2, lg) 0,1 0,1 [0 
5 4 1 fd-CDM2 lka lo), ko lo + 1) 0,1 01 l0 
6 8 1 fd-CDM2 (kolo), Œr lo), (kz lo), (kz, lo) 0,1,2,3 0,1 [0 
7 8 1 fd-CDM2 (ko lo), (kilo), (kolo +1), (kulat 1) 0,1,2,3 01 [0 
8 8 1 cdm4-FD2- (ko, lo), (ka, lo) 0,1 0,1 10,1 
TD2 
9 12 1 fd-CDM2 (ko, lo), (ka, lo), (Ka, lo), (ka, lo), (ka, lo), (ks,lo) | 0,1,2,3,4,5 0,1 |0 
10 |12 1 cdm4-FD2- (ko, lo), dos (kz, lo) 0,1,2 0,1 10,1 
TD2 
11 |16 1,0.5 | fd-CDM2 (ko, lo), (ki, lo), (ka, lo), (ks, lo), (Ko lo + 1), 0,1,2,3, 0,1 [0 
(kı, lo + 1), (ka, lg + 1), (ks, lg + 1) 4,5,6,7 
12 |16 1,05 | cdm4-FD2- (ko lo), (ka, lo), (kz, lo), (kz, lo) 0,1,2,3 0,1 10,1 
TD2 
13 24 1, 0.5 fd-CDM2 (ko, lo), (ki, lo), (ka, lo), (Ko, lo + 1), Kilo + 1), 0,1,2,3,4,5, 0, 1 0 
(ka, lg + 1), (co, l1), (ki; l1), (kz l1), koi + 1), 6,7,8,9,10,11 
(kyl +1), (kalu + 1) 
14 24 1, 0.5 cdm4-FD2- (ko lo), (ki, lo), (ka, lo), (ko, 4), (Ki, 4), (co, 4) 0,1,2,3,4,5 0, 1 0, 1 
TD2 
15 | 24 1,0.5 | cdm8-FD2- (ko, lo), (ky, lo), (ka, lo) 0,1,2 0,1 [0,1 
TD4 2,3 
16 | 32 1,05 | fd-CDM2 lka lo), (ka, lo), (kz, lo), (kz, lo), ka lo + D, 0,1,2,3, 0,1 |0 
(ka lo + 1), (Ko, lo + 1), (ks, lo + 1), (ko, lL), 4,5,6,7, 
(ki l1), (ka, 4), (kz, l1), (koli + 1), (kalı +1), | 8,9,10,11, 
(ka, ly + 1), (k3,l4 + 1) 12,13,14,15 
17 32 1,0.5 cdm4-FD2- (ko, lo), (ki lo), (ka, lo), (ks, lo), (ko, 4), (kaL), | 0,1,2,3,4,5,6,7 | 0,1 0, 1 
TD2 (kz, l4), (k3, l4) 
18 32 1, 0.5 cdm8-FD2- (Ko, lo), (ki, lo), (ka, lo), (Ka, lo) 0,1,2,3 0,1 0,1, 
TD4 2,3 


Table 7.4.1.5.3-2: The sequences w,(k') and w,([') for cdm-Type equal to 'noCDM'. 


Index 


wę(0) w;(0) 


0 


1 1 


Table 7.4.1.5.3-3: The sequences w,(k') and w,(/') for cdm-Type equal to 'fd-CDM2". 


Index [wę(0) w;1)] w,(0) 
0 +1 +1] 1 
1 [+1 -1] 1 
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Table 7.4.1.5.3-4: The sequences w,(k') and w,(/') for cdm-Type equal to 'cdm4-FD2-TD2'. 


Index [wi(0) wj(1)] [w,(0) w,(1)] 
0 +1 +1] +1 +1] 
1 +1 -1] +1 +1] 
2 [+1 +1] +1 -1] 
3 +1 -1] +1 -1] 


Index [wi(0) wj(1)] [w.(0) w,(1) w2) w,(3)] 
0 +1 +1] ba +1 +1 +1] 
1 +1 -1] ba +1 +1 +1] 
2 +1 +1] HI -1 +1 sl] 
3 +1 -1] ea zil 
4 [+1 +1] +1 +1 -1 -1] 
5 +1 -1] Hd +1 -1 esi] 
6 +1 +1] HI -1 -1 +1] 
7 +1 -1] þ1 -1 -1 +l] 

7.4.1.6 RIM reference signals 

7.4.1.6.1 General 


RIM-RS can be used by an gNB to measure inter-cell interference and to provide information about the experienced 
interference to other gNBs. Up to two different types of RIM-RS can be configured where 


- the first RIM-RS type can be used to convey information, 


- the second RIM-RS type depends on configuration only. 


7.4.1.6.2 Sequence generation 


The RIM-RS receiver shall assume the reference-signal sequence r(m) is defined by 
1 „1 
r(m) = z0 — 2c(2m)) +j z0 — 2c(2m + 1)) 


where the pseudo-random sequence c(m) is defined in clause 5.2.1. The pseudo-random sequence generator shall be 
initialised with 

Cinit = (219 f (n&™) + nscm) mod 2?! 
where 


-  ngap € (0,1, ..., 21? — 1} is given by clause 7.4.1.6.4.4; 


- f(nRM) = y29 2!c (i) where the pseudo-random sequence č(i) is given by clause 5.2.1, initialized with 
C (E) = (pne + 6) mod 2?! where the multiplier factor y € (0,1, ..., 2?! — 1} and the offset 8 € 
(0,1, ..., 231 — 1); 


= nę = (ERM = tRM) / TRM] is the number of RIM-RS transmission periods since tÈM where 


- tk — tRIM is the time in seconds relative to ty" of 00:00:00 on 1 January 1900, calculated as continuous 
time without leap second and traceable to a common time reference, and 
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- T = A (1000 - 2") is the RIM-RS transmission periodicity in seconds assuming that the first RIM-RS 


RIM 
transmission period starts at tęę , and where Nat t 


is given by clause 7.4.1.6.4.2. 


7.4.1.6.3 Mapping to physical resources 


The RIM-RS receiver shall assume the reference signal being mapped to physical resources according to 
„RIM 
a? n Bamr(k) 
k = 0,1, o LRM m 1 


where Prim is an amplitude scaling factor in order to control the RIM-RS transmission power and p is the antenna port. 
Baseband signal generation shall be done according to clause 5.3.3. 


The starting position ly for RIM-RS type i € (1,2) in slot ut , in a frame is given by 


UD,RIM 
lo = T offset 


slot 
mod N, m, 


in slots satisfying 


(1024N 5 "nf —RIM NEHA RIM tni |= — (Tos + | ję Z /nge )) mod NE =0 


offset syml 


where 


-  nĘMEf0,1, ..., N25 /(1024N72"*^) — 1} counts the number of times the SEN periods within the RIM-RS 
transmission period: 


se SEDEM Ne PRIM SN g where NPM e (2,3, ...,20 - 2-14 — 1} is the symbol offset of the reference 


offset symb,re ref 


point after the starting boundary of the uplink-downlink switching period in which the RIM-RS is mapped to and 
NRIM i 


brd is obtained as described in clause 7.4.1.6.4.2; 


ENTE 


slot 15 the total number of slots in a RIM-RS transmission period as defined in clause 7.4.1.6.4.2; 


- Tome is the slot offset of the uplink-downlink switching period with index iPM with respect to the starting 
boundary of the RIM-RS transmission period and is defined in clause 7.4.1.6.4.2; 


- Pis the RIM-RS transmission periodicity in units of uplink-downlink switching period as defined in clause 
7.4.1.6.4.2. 


7.4.1.6.4 RIM-RS configuration 


7.4.1.6.4.1 General 


A resource for RIM-RS transmission is defined by the indices ij RIM e f0,1,. w PZJ; iP € (0,1, każ NEM — 1), and 


iRM e (0, T; NEM -1) used as indices into configured lists of time, nar and sequence parameters, 
respectively: 


All RIM-RS resources occupy the same number of resource blocks, NÈM, At most 32 RIM-RS resources can be 
configured within a 10 ms period. 


7.4.1.6.4.2 Time-domain parameters and mapping from i, to time-domain parameters 


RIM-RS are transmitted periodically with the RIM-RS transmission period P, defined in units of the uplink-downlink 
switching period determined from one or two configured uplink-downlink periods. 


- Ifa single uplink-downlink period is configured for RIM-RS purposes, 


- P, is the RIM-RS transmission periodicity in terms of uplink-downlink switching periods given by 
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t 


2"PTEM | 1024N oseh 


slot 
1024N famen 2uTRIM 
slot 


per,1 
where T € (0.5,0.625,1,1.25, 2, 2.5,4,5,10,20) ms; 


- Nee 


slot ^ DUP Tae is the total number of slots in a RIM-RS transmission period; 


- Tome = 2" ip MT RM is the slot offset of the uplink-downlink switching period with index if" with respect to 


the starting boundary of the RIM-RS transmission period 
- If two uplink-downlink periods are configured for RIM-RS purposes, 


- P, is the RIM-RS transmission periodicity in terms of P,/2 pairs of uplink-downlink switching periods and is 
given by 
24P, (TRIM +TRM)/2| 102450" 


slot 


1024N famen 2u (TEM + TR™M)/2 


slot per,1 per,2 


t 


where each pair consists of a first period of eki € (0.5,0.625,1,1.25, 2, 2.5, 3,4, 5,10,20} ms and a second 
period of Teo € (0.5,0.625,1,1.25, 2, 2.5, 3,4, 5,10) ms and where T -- TRIM divides 20 ms; 


er,1 per2 
DONI ai (TEM + TRIM ) /2 is the total number of slots in a RIM-RS transmission period; 


EE d d 2I(TEM + TRM) + 2" (iPM mod 2T is the slot offset of the uplink-downlink 


switching period with index iPM with respect to the starting boundary of the RIM-RS transmission period 


The intermediate quantity P, is given by 


NRIMA NRIM2 
ID ID i PORZE E 
D R, + v» R, if EnoughIndicationis disabled 
D) =. f s f s 
tS RIM,1 RIM,2 
| ZN | +| Nm 
1 


ORI | R, if Enoughindicationis enabled 
Nę N; 


where 
NEW: and NE. are the total number of setIDs for RIM-RS type 1 and RIM-RS type 2, respectively; 
- NP € {1,2,4} is the number of candidate frequency resources configured in the network; 


- NEW! € (12, ...,8) is the number of candidate sequences assigned for RIM-RS type i € {1,2} in the network; 


- R, and R, are the number of consecutive uplink-downlink switching periods for RIM-RS type 1 and RIM-RS 
type 2, respectively. If near-far functionality is not configured, R; € {1,2,4}, otherwise R; € {2,4,8} and the first 
and second half of the R; consecutive uplink-downlink switching periods are for near functionality and far 
functionality, respectively. 


RIM, i 
N, symb,re 


The guantity , is obtained from entry 7 in a list of configured symbol offsets for RIM-RS i. 


7.4.1.6.4.3 Frequency-domain parameters and mapping from i; to frequency-domain parameters 


The frequency-domain parameter k, in clause 5.3.3 is the frequency offset relative to a configured reference point for 
RIM-RS and is obtained from entry i&™ in a list of configured frequency offsets expressed in units of resource blocks. 


The number of candidate frequency resources configured in the network, N,*™, shall fulfil 


Size,H Ar sc DU, 


40 : 103 


grid 


NRM < 
f 80 - 103 


NSZ NSG ŻE: = 


If NEM > 1, the frequency difference between any pair of configured frequency offsets in the list is not smaller than 
NM, 
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The number of resource blocks for RIM-RS is given by 


NEM — min(96, M) for u=0 


NEM € (min(48, Nagp) min(96, gio, )} for w= 1 


7.4.1.6.4.4 Sequence parameters and mapping from i, to sequence parameters 


The scrambling identity nseyp clause 7.4.1.6.2 is obtained from entry iP!" in a list of configured scrambling identities. 


7.4.1.6.4.5 Mapping between resource triplet and set ID 


"RIM. ;RIM ; RIM 


The resource indices i^", ip ", and ij " are determined from the index 7 in the set ID n;,u5 according to 


E NsetID A 
i es ii ( | mod NEM) R+r 
S 


r NsetID 

ipM = | | —_ niy | mod NEM 
NE Ng 

"RIM _ RIM 

ls — Ystart + (Neti mod Ns ) 


where 


- NEM is given by 


NAMI 
| seuD | for RIM-RS type 1 and if Enoughindication is disabled 


NEM NR M1 
2NRIMA 
NEM = setlD for RIM-RS EE e wa 
to = NRIMNRIMT Or -RS type 1 and if EnoughiIndication is enable 
f s 
NRIM2 
setID 
rw | for RIM-RS type 2 
| NEM NE! uz] ty 


- NEM € {1,2,4} is the number of candidate frequency resources configured in the network; 


NEM is the number of sequence candidates for the current RIM-RS resource given by 


NEM! for RIM-RS type 1 and if EnoughIndication is disabled 


NEM = 4 NRM1/2 for RIM-RS type 1 and if Enoughindication is enabled 
NEM? gor RIM-RS type 2 


- Tstart iS the starting time offset given by 


0 for RIM-RS type 1 
NRIMA 


" | R, forRIM-RS type 2 and if Enoughindicationis disabled 
T start = f s 


| 2NRIMA 


setID s x . f 
manii R, for RIM-RS type 2 and if Enoughindicationis enabled 
S 


- San IS given by 


C NE ee if EnoughIndication is enabled and ‘enough mitigation’ is to be indicated 
ba 0 otherwise 
where NP is the number of candidate sequences assigned for RIM-RS type 1 


- F € {0,1,...,R; — 1) where R; is the number of consecutive uplink-downlink periods for RIM-RS type i as given 
by clause 7.4.1.6.4.2; 


The set ID is determined from the resource triplet according to 
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-RIM RIM ipM — Tstart RIM jj RIM ;RIM 
NsetlD = (is =: start) + Ng R, + NON; lf 
L 


7.4.1.7 Positioning reference signals 


7.4.1.7.1 General 


A positioning frequency layer consists of one or more downlink PRS resource sets, each of which consists of one or 
more downlink PRS resources as described in [6, TS 38.214]. 


7.4.1.7.2 Sequence generation 


The UE shall assume the reference-signal sequence r(m) is defined by 
(m) “(A 262 DES NU 2c(2m + 1)) 
r(m) = —(1 — 2c(2m —(1- 2c(2m 
v2 E 


where the pseudo-random sequence c(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be 
initialised with 


PRS 
Cinit = | 222 kr + 219 (N opnir 1 + 1)(2(njoź.ą mod 1024) + 1) + (nios, mod 1024) | mod 2** 


where ne , is the slot number, the downlink PRS sequence ID ND seq € {0,1, ...,4095} is given by the higher-layer 
parameter dl-PRS-Sequenceld-r16, and l is the OFDM symbol within the slot to which the sequence is mapped. 
7.4.1.7.3 Mapping to physical resources in a downlink PRS resource 


For each downlink PRS resource configured, the UE shall assume the sequence r(m) is scaled with a factor Bpps and 
mapped to resources elements (k, [),,,, according to 


ay" = Bors r(m) 
m= 0,1,... 
k= mK ERS + (GE + k') mod E) 


comb 
— JPRS JPRS PRS 
l= start, start + 1, Un Lstart + LpRs -1 


when the following conditions are fulfilled: 


- the resource element (k, [), „ is within the resource blocks occupied by the downlink PRS resource for which the 
UE is configured; 


- the symbol l is not used by any SS/PBCH block used by a serving cell for downlink PRS transmitted from the 
same serving cell or any SS/PBCH block from a non-serving cell indicated by the higher-layer parameter ssb- 
PositionsInBurst-r16 for downlink PRS transmitted from the same non-serving cell; 


- the slot number satisfies the conditions in clause 7.4.1.7.4. 
and where 
- the antenna port p — 5000 


- [HRS is the first symbol of the downlink PRS within a slot and given by the higher-layer parameter d/-PRS- 
ResourceSymbolOffset-r16; 


- the size of the downlink PRS resource in the time domain Lpps € {2,4,6,12} is given by the higher-layer 
parameter dl-PRS-NumSymbols-r16; 


- the comb size KPRS. € (2, 4, 6,12) is given by the higher-layer parameter d/-PRS-CombSizeN-r16 such that the 
combination (Les. REJ is one of (2, 2},{4, 2), (6, 2}, (12, 2}, (4,4), (12, 4}, (6,6), (12, 6} and (12, 12); 
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- the resource-element offset kERS, € (0, do RI = 1) is given by the higher-layer parameter dl-PRS-ReOffset- 
rló; 
- the quantity k' is given by Table 7.4.1.7.3-1. 


The reference point for k = O is the location of the point A of the positioning frequency layer, in which the downlink 
PRS resource is configured where point A is given by the higher-layer parameter dl-PRS-PointA-r16. 


Table 7.4.1.7.3-1: The frequency offset k' as a function of I — IBS.. 


KERS Symbol number within the downlink PRS resource I — IPRS, 
0 1 2 3 4 5 6 7 8 9 10 11 
2 0 1 0 1 0 1 0 1 0 1 0 1 
4 0 2 1 3 0 2 1 3 0 2 1 3 
6 0 3 1 4 2 5 0 3 1 4 2 5 
12 0 6 3 9 1 7 4 10 2 8 5 11 
7.4.1.7.4 Mapping to slots in a downlink PRS resource set 


For a downlink PRS resource in a downlink PRS resource set, the UE shall assume the downlink PRS resource being 
transmitted when the slot and frame numbers fulfil 


frame PRS , PPRS PRS PRS} Trep — 
(Nio ne + ni f — Todiset — Tórtset m mod Tier € ije ico 


and one of the following conditions are fulfilled: 
- the higher-layer parameter dl-PRS-MutingPatternList-r16 is not provided; 


- the higher-layer parameter mutingOption1-r16 is provided with bitmap (b!) but mutingOption2-r16 with bitmap 
(b?) is not provided, and bit bj is set; 


- the higher-layer parameter mutingOption2-r16 is provided with bitmap (b?) but mutingOption1-r16 with bitmap 
{bt} is not provided, and bit b? is set; 


- the higher-layer parameters mutingOption1-r16 with bitmap (b!) and mutingOption2-r16 with (b?) are both 
provided, and both bit b] and b? are set. 


where 


-  błisbiti = |(N TRI eni nei — TOS, — Tatsues) / (annis TERS) mod L in the bitmap given by the higher-layer 


slot Tórtset, res muting 


parameter mutingOptionl- -r16 OE L € {2,4, 6, 8, 16, 32} is the size of the bitmap; 


- b? isbiti = IU "np nę — Take — Tofitot res) mod pu) | mod TÈR in the bitmap given by the 


higher-layer parameter muting Option2-r16; 


- the periodicity Tos € 2" (4, 5,8, 10, 16, 20, 32, 40, 64, 80, 160, 320, 640, 1280, 2560, 5120, 10240] and the 
slot offset TERS, € (0,1, ... alg es 1) are given by the higher-layer parameter dl-PRS-Periodicity-and- 


per 


ResourceSetSlotOffset-r16; 


- the downlink PRS resource slot offset Ts res 1S given by the higher-layer parameter dl-PRS- 
ResourceSlotOffset-r16; 


- the repetition factor TRS € (1,2,4,6,8,16,32) is given by the higher-layer parameter dl-PRS- 
ResourceRepetitionFactor; 


T PRS 


- the muting repetition factor Tj. 


rló; 


is given by the higher-layer parameter dl-PRS-MutingBitRepetitionFactor- 


- the time gap Ty? € (1,2,4,8,16,32] is given by the higher-layer parameter d/-PRS-Resource TimeGap-r16; 
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For a downlink PRS resource in a downlink PRS resource set configured, the UE shall assume the downlink PRS 
resource being transmitted as described in clause 5.1.6.4 of [6, TS 38.214]. 


7.4.2 | Synchronization signals 


7.4.2.1 Physical-layer cell identities 


There are 1008 unique physical-layer cell identities given by 
Np <3Nyp + Nip 
where NO? € (0,1, ...,335) and NO? e {0,1,2}. 
7.4.2.2 Primary synchronization signal 
7.4.2.2.1 Seguence generation 
The sequence dpss(n) for the primary synchronization signal is defined by 


d pss (n) EL 2x(m) 
m = (n-- 43N (2 )mod 127 


0€n«127 
where 
x(i+7) = (x(i+4)+ x(i))mod2 
and 
[x(6) x(5) x(4) x(3) x(2) x) x(o]-[ 1 1 0 1 1 o] 
7.4.2.2.2 Mapping to physical resources 


Mapping to physical resources is described in clause 7.4.3. 
7.4.2.3 Secondary synchronization signal 


7.4.2.3.1 Sequence generation 


The sequence dsss(n) for the secondary synchronization signal is defined by 


des (n) = [1- 2x, ((n + m,)mod127)][1— 2x, ((n + m, )mod127)] 
a) 


N 
=15 —D- |+5N$5 
mo E ID 


m, = Njp mod112 


0<n<127 
where 
xoli+7)= (xy (i +4)+x(i))mod 2 
x,(1+7)=(x,(1+1)+x, (i))mod2 
and 
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[xo (6) xo(5) xo(4) x0(3) x(2) x(1) xo(0)]= [0 00000 1] 
[u(6) x6) x4) a6) x(2) x() x(9]-|o o o o o 01 


7.4.2.3.2 Mapping to physical resources 


Mapping to physical resources is described in clause 7.4.3. 


7.4.3 | SS/PBCH block 


7.4.3.1 Time-frequency structure of an SS/PBCH block 


In the time domain, an SS/PBCH block consists of 4 OFDM symbols, numbered in increasing order from 0 to 3 within 
the SS/PBCH block, where PSS, SSS, and PBCH with associated DM-RS are mapped to symbols as given by Table 
7.4.3.1-1. 


In the frequency domain, an SS/PBCH block consists of 240 contiguous subcarriers with the subcarriers numbered in 
increasing order from 0 to 239 within the SS/PBCH block. The quantities k and / represent the frequency and time 
indices, respectively, within one SS/PBCH block. The UE may assume that the complex-valued symbols corresponding 
to resource elements denoted as 'Set to 0' in Table 7.4.3.1-1 are set to zero. The quantity v in Table 7.4.3.1-1 is given 


by v = Nx! mod 4. The quantity ksgp is the subcarrier offset from subcarrier 0 in common resource block NŻĘ to 


subcarrier 0 of the SS/PBCH block, where NSB is obtained from the higher-layer parameter offsetToPointA and the 4 
least significant bits of kggp are given by the higher-layer parameter ssb-SubcarrierOffset and for SS/PBCH block type 
A the most significant bit of kssp is given by a4,5 in the PBCH payload as defined in clause 7.1.1 of [4, TS 38.212]. 


For operation with shared spectrum channel access, the 4 least significant bits of kep are given by the higher-layer 
parameter ssb-SubcarrierOffset and the most significant bit of kgsp is given by 47,5 in the PBCH payload as defined in 
clause 7.1.1 of [4, TS 38.212]. If kgep 2 24, kssg = Kssg ; otherwise, kssg = 2|Kssp/2|. If ssb-SubcarrierOffset is not 
provided, kssę is derived from the frequency difference between the SS/PBCH block and Point A. 


The UE may assume that the complex-valued symbols corresponding to resource elements that are part of a common 
resource block partially or fully overlapping with an SS/PBCH block and not used for SS/PBCH transmission are set to 
zero in the OFDM symbols partially or fully overlapping with OFDM symbols where SS/PBCH is transmitted. 


For an SS/PBCH block, the UE shall assume 


- antenna port p =4000 is used for transmission of PSS, SSS, PBCH and DM-RS for PBCH, 
- the same cyclic prefix length and subcarrier spacing for the PSS, SSS, PBCH and DM-RS for PBCH, 


- for SS/PBCH block type A, ue {0,1} and kgsg € {0, 1, 2,...,23} with the quantities kgsg , and NŚ expressed in 
terms of 15 kHz subcarrier spacing, and 


- for SS/PBCH block type B, we {3,4} and kgsp € 40, 1:2... 1} with the quantity kssg expressed in terms of the 


subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon and Né38 expressed in 
terms of 60 kHz subcarrier spacing; 


- the centre of subcarrier 0 of resource block NESE coincides with the centre of subcarrier 0 of a common resource 
block with the subcarrier spacing provided by the higher-layer parameter subCarrierSpacingCommon. This 
common resource block overlaps with subcarrier 0 of the first resource block of the SS/PBCH block. 


The UE may assume that SS/PBCH blocks transmitted with the same block index on the same center frequency location 
are quasi co-located with respect to Doppler spread, Doppler shift, average gain, average delay, delay spread, and, when 
applicable, spatial Rx parameters. The UE shall not assume quasi co-location for any other SS/PBCH block 
transmissions other than what is specified in [5, TS 38.213]. 
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Table 7.4.3.1-1: Resources within an SS/PBCH block for PSS, SSS, PBCH, and DM-RS for PBCH. 


Channel OFDM symbol number / Subcarrier number k 
or signal relative to the start of an SS/PBCH relative to the start of an SS/PBCH block 
block 
PSS 0 56, 57, ..., 182 
SSS 2 56, 57, ..., 182 
Set to 0 0 0, 1, ..., 55, 183, 184, ..., 239 
2 48, 49, ..., 55, 183, 184, ..., 191 
1,3 0, 1, ..., 239 
PBCH o 0,1,..., 47, 
192, 193, ..., 239 
1,3 0+v,4+v,8 + v,...,236 tv 
DM-RS for 0+v,4+V,8 +V,...,44+v 
PBCH 2 
192+v,196+ v,...,236 - v 


7.4.3.1.1 Mapping of PSS within an SS/PBCH block 


The UE shall assume the sequence of symbols dpss(0),..., d pss (126) constituting the primary synchronization signal to 
be scaled by a factor {pss to conform to the PSS power allocation specified in [5, TS 38.213] and mapped to resource 


elements (k, l)p, „ in increasing order of k where k and / are given by Table 7.4.3.1-1 and represent the frequency and 
time indices, respectively, within one SS/PBCH block. 


7.4.3.1.2 Mapping of SSS within an SS/PBCH block 


The UE shall assume the sequence of symbols dsss(0),...,dsss(126) constituting the secondary synchronization signal 
to be scaled by a factor -sss and mapped to resource elements (k, l)p ,, in increasing order of k where k and / are 
given by Table 7.4.3.1-1 and represent the frequency and time indices, respectively, within one SS/PBCH block. 


7.4.3.1.3 Mapping of PBCH and DM-RS within an SS/PBCH block 


The UE shall assume the sequence of complex-valued symbols dppcu (0). ..., dpgcu (Maui = 1) constituting the 
physical broadcast channel to be scaled by a factor Apgcy to conform to the PBCH power allocation specified in [5, TS 


38.213] and mapped in sequence starting with dpgcy (0) to resource elements (k, 1), , which meet all the following 


criteria: 
- they are not used for PBCH demodulation reference signals 


The mapping to resource elements (k, 1), „ not reserved for PBCH DM-RS shall be in increasing order of first the index 
k and then the index /, where k and / represent the frequency and time indices, respectively, within one SS/PBCH 
block and are given by Table 7.4.3.1-1. 


The UE shall assume the sequence of complex-valued symbols 7(0),...,r(143) constituting the demodulation reference 


signals for the SS/PBCH block to be scaled by a factor of BONERS to conform to the PBCH power allocation specified in 
[5, TS 38.213] and to be mapped to resource elements (k, [), ,, in increasing order of first k and then / where k and / 
are given by Table 7.4.3.1-1 and represent the frequency and time indices, respectively, within one SS/PBCH block. 


7.4.3.2 Time location of an SS/PBCH block 


The locations in the time domain where a UE shall monitor for a possible SS/PBCH block are described in clause 4.1 of 
[5, TS 38.213]. 
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8 Sidelink 


8.1 Overview 


8.1.1 Overview of physical channels 


A sidelink physical channel corresponds to a set of resource elements carrying information originating from higher 
layers. The following sidelink physical channels are defined: 


- Physical Sidelink Shared Channel, PSSCH 
- Physical Sidelink Broadcast Channel, PSBCH 
- Physical Sidelink Control Channel, PSCCH 


- Physical Sidelink Feedback Channel, PSFCH 


8.1.2 Overview of physical signals 


A sidelink physical signal corresponds to a set of resource elements used by the physical layer but does not carry 
information originating from higher layers. 


The following sidelink physical signals are defined: 
- Demodulation reference signals, DM-RS 
- Channel-state information reference signal, CSI-RS 
-  Phase-tracking reference signals, PT-RS 
- Sidelink primary synchronization signal, S-PSS 


- Sidelink secondary synchronization signal, S-SSS 


8.2 Physical resources 


8.2.1 General 


The OFDM symbol immediately following the last symbol used for PSSCH, PSFCH, or S-SSB serves as a guard 
symbol. 


The first OFDM symbol of a PSSCH and its associated PSCCH is duplicated as described in clause 8.3.2.3 and in 
clause 8.3.3.3. The first OFDM symbol of a PSFCH is duplicated as described in clause 8.3.4.2.2 


8.2.2 Numerologies 


Multiple OFDM numerologies are supported as given by Table 8.2.2-1 where u and the cyclic prefix for a sidelink 
bandwidth part are obtained from the higher-layer parameter subcarrierSpacing-SL and cyclicPrefix-SL, respectively. 


Table 8.2.2-1: Supported transmission numerologies. 


u Af = 2" - 15 [kHz] Cyclic prefix 
0 15 Normal 

1 30 Normal 

2 60 Normal, Extended 
3 120 Normal 
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8.2.3 Frame structure 


8.2.3.1 Frames and subframes 


The frame and subframe structure for sidelink transmission is defined in clause 4.3.1. 


8.2.3.2 Slots 


The slot structure for sidelink transmission is defined in clause 4.3.2. 


8.2.4 Antenna ports 


An antenna port is defined in clause 4.4.1. 

The following antenna ports are defined for the sidelink: 
- Antenna ports starting with 1000 for PSSCH 
- Antenna ports starting with 2000 for PSCCH 
- Antenna ports starting with 3000 for CSI-RS 
- Antenna ports starting with 4000 for S-SS/PSBCH 
- Antenna ports starting with 5000 for PSFCH 


For DM-RS associated with a PSBCH, the channel over which a PSBCH symbol on one antenna port is conveyed can 
be inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two 
symbols are within a S-SS/PSBCH block transmitted within the same slot, and with the same block index according to 
clause 8.4.3.1. 


For DM-RS associated with a PSSCH, the channel over which a PSSCH symbol on one antenna port is conveyed can be 
inferred from the channel over which a DM-RS symbol on the same antenna port is conveyed only if the two symbols 
are within the same frequency resource as the scheduled PSSCH and in the same slot. 


8.2.5 Resource grid 
The resource grid for sidelink transmission is defined in clause 4.4.2. 


For sidelink, the carrier bandwidth N, ed 


subcarrierSpacing-SL is given by the higher-layer parameter carrierBandwidth-SL. 'The starting position NA for 


for subcarrier spacing configuration u provided by the higher-layer parameter 


subcarrier spacing configuration u is given by the higher-layer parameter offsetToCarrier-SL. 


For the sidelink, the higher-layer parameter txDirectCurrentLocation-SL in the SidelinkTxDirectCurrentBWP IE 
indicates the location of the transmitter DC subcarrier in the sidelink for each of the configured bandwidth parts, 
including whether the DC subcarrier location is offset by 7.5 kHz relative to the center of the indicated subcarrier or 
not. Values in the range 0 — 3299 represent the number of the DC subcarrier, the value 3300 indicates that the DC 
subcarrier is located outside the resource grid, and the value 3301 indicates that the position of the DC subcarrier in the 
sidelink is undetermined. 


8.2.6 Resource elements 


Resource elements are defined in clause 4.4.3. 


8.2.7 Resource blocks 
Resource blocks are defined in clause 4.4.4. 


Point A for sidelink transmission/reception is obtained from the higher-layer parameter absoluteFrequencyPointA-SL. 
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8.2.8 Bandwidth part 


Configuration of the single bandwidth part for sidelink transmission is described in clause 16 of [5, TS 38.213]. 


8.3 Physical channels 


8.3.1 Physical sidelink shared channel 


8.3.1.1 Scrambling 


For the single codeword q = 0, the block of bits b (4) (0), ..., p o (MO = 1), where m? = Mx + Mi is the 


number of bits in codeword q transmitted on the physical channel as defined in [4, TS 38.212], shall be scrambled prior 
to modulation. 
Scrambling shall be done according to the following pseudo code 
set i <0 
set j = 0 
while i < M2 
if b (i) = x// SCI placeholder bits 
bi) = KOC — 2) 
j=j+1 
else 
BO) = (BOG) c (i — Mf?)) mod 2 
end if 
izitl 
end while 


where the scrambling sequence c(%(i) is given by clause 5.2.1 and 


- for0 < cy 


m) =j 


- The scrambling sequence generator shall be initialized with 
Cinit = 215 Nip + 1010 


where Nip = Nig mod 216 and the quantity Nj equals the decimal representation of the CRC on the PSCCH 
associated with the PSSCH according to Ny = Yd p, : 2771! with p and L given by clause 8.3.2 in [4, TS 


38.212]. 
(q) > (a) 
- for Misco <i< Myć 
— (a) (a) 
- Mi = Myęscz 


- The scrambling sequence generator shall be initialized with 


Cinit = 215 Nip + 1010 
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where Np = Nj$ mod 21? and the quantity Nj equals the decimal representation of the CRC on the PSCCH 
associated with the PSSCH according to Nj5 = Yd p, : 271^! with p and L given by clause 8.3.2 in [4, TS 
38.212]. 


8.3.1.2 Modulation 


For the single codeword q — 0, the block of scrambled bits shall be modulated, resulting in a block of complex-valued 


modulation symbols d(9 (0), ..., d@ (mo, — 1) where MED. = M 1+ MO 2s 


Modulation for 0 x i « MOS on shall be done as described in clause 5.1 using QPSK, where M (a) ba = MS /2. 


symi 
Modulation for ME on <i< m shall be done as described in clause 5.1 using one of the modulation schemes in 


Table 6.3.1.2-1 where M® p3 = MO, /Om. 


symb,2 bit,data 


Table 6.3.1.2-1: Supported modulation schemes. 


Modulation scheme Modulation order 0,, 
QPSK 2 
16QAM 4 
64QAM 6 
256QAM 8 
8.3.1.3 Layer mapping 
Layer mapping shall be done according to clause 7.3.1.3 with the number of layers v € (1,2), resulting in x(i) — 
KORY. ODOT, i= 0,1, n MTS es 


8.3.1.4 Precoding 


The block of vectors [x (i) ... xY-VGI)]" shall be precoded according to clasue 6.3.1.5 where the precoding 


matrix W equals the identity matrix and Me b = MOS 


8.3.1.5 Mapping to virtual resource blocks 


For each of the antenna ports used for transmission of the PSSCH, the block of complex-valued symbols 

z) (0), ...,zP (M rh — 1) shall be multiplied with the amplitude scaling factor fps5& in order to conform to the 
transmit power specified in [5, TS 38.213] and mapped to resource elements (k', 1), ,, in the virtual resource blocks 
assigned for transmission, where k' — 0 is the first subcarrier in the lowest-numbered virtual resource block assigned 


for transmission. 
The mapping operation shall be done in two steps: 


- first, the complex-valued symbols corresponding to the bit for the 2"-stage SCI in increasing order of first the 
index k' over the assigned virtual resource blocks and then the index l, starting a the first PSSCH symbol 
carrying an associated DM-RS and meeting all of the following criteria: 


- the corresponding resource elements in the corresponding physical resource blocks are not used for 
transmission of the associated DM-RS, PT-RS, or PSCCH; 


- secondly, the complex-valued modulation symbols not corresponding to the 2"4 -stage SCI shall be in in 
increasing order of first the index k’ over the assigned virtual resource blocks, and then the index l with the 
starting position given by [6, TS 38.214] and meeting all of the following criteria: 


- the resource elements are not used for 2"4-stage SCI in the first step; 


- the corresponding resource elements in the corresponding physical resource blocks are not used for 
transmission of the associated DM-RS, PT-RS, CSI-RS, or PSCCH. 


ETSI 


3GPP TS 38.211 version 16.2.0 Release 16 123 ETSI TS 138 211 V16.2.0 (2020-07) 


The resource elements used for the PSSCH in the first OFDM symbol in the mapping operation above shall be 
duplicated in the OFDM symbol immediately preceding the first OFDM symbol in the mapping. 


8.3.1.6 Mapping from virtual to physical resource blocks 
Virtual resource blocks shall be mapped to physical resource blocks according to non-interleaved mapping. 


For non-interleaved VRB-to-PRB mapping, virtual resource block n is mapped to physical resource block n. 
8.3.2 Physical sidelink control channel 


8.3.2.1 Scrambling 


The block of bits b(0), ..., (My, — 1), where My is the number of bits transmitted on the physical channel, shall be 
scrambled prior to modulation, resulting in a block of scrambled bits b(0), ..., b(M,;, — 1) according to 


b(i) = bli) + c(i)) mod 2 


where the scrambling sequence c(i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized 
with 


Cinit 7 1010 


8.3.2.2 Modulation 

The block of scrambled bits b(0), ..., b(Myit — 1) shall be modulated as described in clause 5.1 using QPSK, resulting 
in a block of complex-valued modulation symbols d(0), ..., d(Msymb — 1) where Myy, = Mpit/2. 

8.3.2.3 Mapping to physical resources 


The set of complex-valued modulation symbols d(0), ..., A(Msym, — 1) shall be multiplied with the amplitude scaling 
factor Bpsccn in order to conform to the transmit power specified in [5, TS 38.213] and mapped in sequence starting 
with d(0) to resource elements (k, l)p „ assigned for transmission according to clause 16.4 of [5, TS 38.213], and not 
used for the demodulation reference signals associated with PSCCH, in increasing order of first the index k over the 
assigned physical resources, and then the index l on antenna port p = 2000. 


The resource elements used for the PSCCH in the first OFDM symbol in the mapping operation above shall be 
duplicated in the immediately preceding OFDM symbol. 


8.3.3 Physical sidelink broadcast channel 


8.3.3.1 Scrambling 


The block of bits b(0), ..., b(M,, — 1), where M,,;, is the number of bits transmitted on the physical sidelink broadcast 
channel, shall be scrambled prior to modulation, resulting in a block of scrambled bits b(0), ..., b(Myit — 1) according 
to 


bi) = bli) + c(i)) mod 2 


where the scrambling sequence c(i) is given by clause 5.2.1. The scrambling sequence generator shall be initialized 
with Cinit = Nj at the start of each S-SS/PSBCH block. 


8.3.3.2 Modulation 


The block of bits b(0), ..., b(M,; — 1) shall be QPSK modulated as described in clause 5.1.3, resulting in a block of 
complex-valued modulation symbols dpspcu(0). ..., dpspcH (Msymb — 1) where My m = Mpit/2. 
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8.3.3.3 Mapping to physical resources 


Mapping to physical resources is described in clause 8.4.3. 

8.3.4 Physical sidelink feedback channel 
8.3.4.1 General 

8.3.4.2 PSFOH format 0 


8.3.4.2.1 Seguence generation 
The seguence x(n) shall be generated according to 
x(n) = re (n) 
n= 0,1,.., NBB — 1 
where eD (n) is given by clause 6.3.2.2 with the following exceptions: 
- Mis given by clause 16.3 of [5, TS 38.213]; 
- Mbp is given by clause 16.3 of [5, TS 38.213]; 


- lis the OFDM symbol number in the PSFCH transmission where l = 0 corresponds to the first OFDM symbol 
of the PSFCH transmission; 


- l'isthe index of the OFDM symbol in the slot that corresponds to the first OFDM symbol of the PSFCH 
transmission in the slot given by [5, TS 38.213] 


8.3.4.2.2 Mapping to physical resources 


The sequence x(n) shall be multiplied with the amplitude scaling factor (pspe in order to conform to the transmit 
power specified in [5, TS 38.213] and mapped in sequence starting with x(0) to resource elements (k, l)p,„ assigned for 
transmission according to clause 16.3 of [5, TS 38.213] in increasing order of first the index k over the assigned 
physical resources, and then the index l on antenna port p = 5000. 


The resource elements used for the PSFCH in the first OFDM symbol in the mapping operation above shall be 
duplicated in the immediately preceding OFDM symbol. 


8.4 Physical signals 
8.4.1 Reference signals 


8.4.1.1 Demodulation reference signals for PSSCH 


8.4.1.1.1 Sequence generation 
The sequence r; (m) shall be generated according to 
(m) 4 2c(2 DESESNG 2c(2m + 1)) 
n(m) = —(1 — 2c(2m — (1 — 2c(2m 
LET 2 


where the pseudo-random sequence c(m) is defined in clause 5.2.1. The pseudo-random sequence generator shall be 
initialized with 


Cie = (27 (NSM ne + L+ 1)(2Np + 1) + 2Np) mod 2?! 


m 
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where l is the OFDM symbol number within the slot, n , is the slot number within a frame, and Np = NĚ mod 216 
where the quantity Nj equals the decimal representation of CRC on the PSCCH associated with the PSSCH according 
to NĚ = Dié p, : 27717! with p and L given by clause 7.3.2 in [4, TS 38.212]. 


8.4.1.1.2 Mapping to physical resources 


The sequence r(m) shall be mapped to the intermediate quantity ac) d according to clause 6.4.1.1.3 using 


configuration type 1 without transform precoding, and where wy(k'), w, (l^), and A are given by Table 8.4.1.1.2-2, and 
r(m) is specified in clause 8.4.1.1.1. 


The patterns used for the PSSCH DM-RS is indicated in the SCI as described in clause 8.3.1.1 of [4, TS 38.212]. 
The intermediate quantity ao shall be precoded, multiplied with the amplitude scaling factor bose specified in 


clause 8.3.1.5, and mapped to physical resources according to 


(Pot) = (Bot) 
Aki zn 
: — pPSSCH 
: = Bours W 3 
(p-1) qr) 
k,l k,l 


where 
- the precoding matrix W is given by clause 8.3.1.4, 
- the set of antenna ports (Po. ig Pp-1} is given by clause 8.3.1.4, and 
- the set of antenna ports (fo, ..., fy 1) is given by [6, TS 38.214]; 
and the following conditions are fulfilled: 
- theresource elements ap) Hm are within the common resource blocks allocated for PSSCH transmission. 


The quantity k is defined relative to subcarrier 0 in common resource block 0 and the quantity l is defined relative to the 
start of the scheduled resources for transmission of PSSCH and the associated PSCCH, including the OFDM symbol 
duplicated as described in clauses 8.3.1.5 and 8.3.2.3. 


The position(s) of the DM-RS symbols is given by Z according to Table 8.4.1.1.2-1 where ly is the duration of the 
scheduled resources for transmission of PSSCH and the associated PSCCH, including the OFDM symbol duplicated as 
described in clauses 8.3.1.5 and 8.3.2.3. 


Table 8.4.1.1.2-1: PSSCH DM-RS time-domain location. 


la in DM-RS position I 
symbols PSCCH duration 2 symbols PSCCH duration 3 symbols 
Number of PSSCH DM-RS Number of PSSCH DM-RS 
2 3 4 2 3 4 
6 1,5 1,5 
7 1,5 1,5 
8 1,5 1,5 
9 3,8 1,4,7 4,8 1,4,7 
10 3,8 1,4,7 4,8 1,4,7 
11 3, 10 1,5,9 1,4,7,10 4,10 1,5,9 1,4,7,10 
12 3, 10 1,5,9 1,4,7,10 4, 10 1,5,9 1,4, 7, 10 
13 3, 10 1, 6, 11 1,4, 7, 10 4, 10 1, 6, 11 1,4, 7, 10 


Table 8.4.1.1.2-2: Parameters for PSSCH DM-RS. 


p CDM group A A wę(k') wl’) 
k <0 k= U=0 l= 
1000 0 0 +1 +1 +1 +1 
1001 0 0 +1 -1 +1 +1 
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8.4.1.2 Phase-tracking reference signals for PSSCH 


8.4.1.2.1 Sequence generation 


The precoded sidelink phase-tracking reference signal for subcarrier k on layer j is given by 


Pem — (rm) ifj=j'orj=j" 
PALĘ { 0 otherwise 


where 
- antenna ports pjs or (By, £j") associated with PT-RS transmission are given by clause 8.2.3 of [6, TS 38.214]; 


- r(m) is given by clause 8.4.1.1.1 at the position of a DM-RS symbol. 


8.4.1.2.2 Mapping to physical resources 


The UE shall transmit phase-tracking reference signals only in the resource blocks used for the PSSCH, and only if the 
procedure in [6, TS 38.214] indicates that phase-tracking reference signals are being used. 


The PSSCH PT-RS shall be mapped to resource elements according to 


(Pot) & 
ay p r (99 (2n + k') 
ME MM 
aoi) r(9v-) (2n + k^) 


k=4n+2k'+A 
when all the following conditions are fulfilled 
- lis within the OFDM symbols allocated for the PSSCH transmission; 
- resource element (k, l) is not used for sidelink CSI-RS, PSCCH, nor DM-RS associated with PSSCH; 
- k’ and A correspond to Po, ..., ,.4 
The precoding matrix W is given by clause 8.3.1.4. 
The set of time indices l defined relative to the start of the PSSCH allocation is defined by 
1. set i = 0 and lief = 0 


2. if any symbol in the interval max (lef + (i — 1)Lpr.ps + 1, Lef) overlaps with a symbol used for DM-RS 
according to clause 8.4.1.1.3 


- seti=1 
- set lief to the symbol index of the DM-RS symbol 
- repeat from step 2 as long as lef + iLpy.ps is inside the PSSCH allocation 
3. add lief + iLpr.ps to the set of time indices for PT-RS 
4. increment i by one 
5. repeat from step 2 above as long as lef + iLpr.ps is inside the PSSCH allocation 
where Lpr.ps € {1,2,4} is given by clause 8.4.3 of [6, TS 38.214]. 


For the purpose of PT-RS mapping, the resource blocks allocated for PSSCH transmission are numbered from 0 to 
Ngg — 1 from the lowest scheduled resource block to the highest. The corresponding subcarriers in this set of resource 
blocks are numbered in increasing order starting from the lowest frequency from 0 to NRP Na, — 1. The subcarriers to 
which the PT-RS shall be mapped are given by 


k = ket (iKpr ns + kRĘ) NRE 
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KRB E Pa mod Kpr-Rs if Nag mod Kpr-Rs = 0 
ref — Mp mod (Npg mod Kp; s.) otherwise 
where 
- t=0,1,2,... 


-  kRE is given by Table 8.4.1.2.2-1 for the DM-RS port associated with the PT-RS port according to clause 8.2.4 in 
[6, TS 38.214]. 


- Ngg is the number of resource blocks scheduled; 
- Kprrs € {2,4} is given by [6, TS 38.214]; 


- Np = NĚ mod 215 where the quantity Nj5 equals the decimal representation of CRC on the PSCCH associated 
with the PSSCH according to Nj5 = yi p; : 271^! with p and L given by clause 7.3.2 in [4, TS 38.212]. 


PSSCH PT-RS shall not be mapped to resource elements containing PSCCH or PSCCH DMRS by puncturing PSSCH 
PT-RS. 


A UE is not expected to receive sidelink CSI-RS and PSSCH PT-RS on the same resource elements. 


Table 8.4.1.2.2-1: The parameter kre. 


DM-RS antenna port KRE 
p resourceElementOffset 
offset00 | offset01 | offset10 | offset11 
0 0 2 6 8 
1 2 4 8 10 
8.4.1.3 Demodulation reference signals for PSCCH 


8.4.1.3.1 Seguence generation 


The sequence r; (m) shall be generated according to 

(m) ‘a 2c(2 ječa 2c(2m + 1)) 

n(m) = —(1 — 2c(2m — (1 — 2c(2m 

ba TE 2 
where the pseudo-random sequence c(m) is defined in clause 5.2.1. The pseudo-random sequence generator shall be 
initialized with 

Cint = (27 (Nim ns + l+ 1)(2Np + 1) + 2N,p) mod 2?! 

where 


- listhe OFDM symbol number within the slot, 


- nË g is the slot number within a frame, and 


- Nip € (0,1, ...,65535) is given by the higher-layer parameter s/-DMRS-ScramblelD. 


8.4.1.3.2 Mapping to physical resources 


The sequence r,(m) shall be multiplied with the amplitude scaling factor BS 


power specified in [5, 38.213] and mapped in sequence starting with 7,(0) to resource elements (K, l), ,, in a slot on 
antenna port p — 2000 according to 


in order to conform to the transmit 


(Pu) PSCCH 
api = MES wg; (Kr, Gn +k’) 
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k 2 nNEP +4k'+1 
k'=0,1,2 
n = 0,1,... 
where the following conditions are fulfilled 
- they are within the resource elements constituting the PSCCH 
The quantity w,,(k') is given by Table 8.4.1.3.2-1 and i € {0,1,2} shall be randomly selected by the UE. 


The reference point for k is subcarrier 0 in common resource block 0. 


The quantity l is the OFDM symbol number within the slot. 


Table 8.4.1.3.2-1: The quantity w;;(k’). 


K wy i(k’) 
i=0 i=1 i=2 
0 1 1 1 
1 1 eij2/3n e j2/3n 
2 1 e J2/3n gj?/3n 
8.4.1.4. Demodulation reference signals for PSBCH 
8.4.1.4.1 Sequence generation 


The reference-signal sequence r(m) for an S-SS/PSBCH block is defined by 
(m) “(1 2c(2 «ja 2c(2m + 1)) 
r(m) = —(1 —2c(2m — (1 — 2c(2m 
v2 ‘V2 


where c(n) is given by clause 5.2. The scrambling sequence generator shall be initialized at the start of each S- 
SS/PSBCH block occasion with 


— NSL 
Cint = Nip 


8.4.1.4.2 Mapping to physical resources 


Mapping to physical resources is described in clause 8.4.3. 


8.4.1.5 CSI reference signals 
8.4.1.5.1 General 
8.4.1.5.2 Seguence generation 


The sequence r(m) shall be generated according to 


Sa 2c(2 jet 2c(2m + 1)) 
me — 2c(2m) UE — 2c(2m + 1) 


where the pseudo-random sequence c(i) is defined in clause 5.2.1. The pseudo-random sequence generator shall be 
initialised with 


Cinit = (ZWZ ę +1+ 1)2nm +1) + np) mod 251 


sym 


at the start of each OFDM symbol where ne , is the slot number within a radio frame, I is the OFDM symbol number 


within a slot, and Np = Nj mod 21° where the quantity Nj5 equals the decimal representation of CRC for the sidelink 
control information mapped to the PSCCH associated with the CSI-RS according to NĄ = XE p, : 2771! with p and 
L given by clause 7.3.2 in [4, TS 38.212]. 
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8.4.1.5.3 Mapping to physical resources 

Mapping to resource elements shall be done according to clause 7.4.1.5.3 with the following exceptions: 
- only I and 2 antenna ports are supported, X € (1,2); 
- only density p — 1 is supported; 
- Zero-power CSI-RS is not supported; 


- the quantity «ss is an amplitude scaling factor to conform with the transmit power specified in clause 8.2.1 of 
[6, TS 38.214]. 


8.4.2 Synchronization signals 


8.4.2.1 Physical-layer sidelink identities 
There are 672 unique physical-layer sidelink identities given by 
ND = Ni: + 336N5> 
where Nj54 € (0,1, ...,335) and Nj; € (0,1). The sequences are divided into two sets, id net consisting of Ny = 
0,1, ...,335 and id oon consisting of NĚ = 336,337, ...,671. 


8.4.2.2 Sidelink primary synchronization signal 


8.4.2.2.1 Sequence generation 
The sequence ds pss(n) for the sidelink primary synchronization signal is defined by 


ds.pss(n) = 1 — 2x(m) 
m = (n + 22 + 43N$),) mod 127 


0 < n < 127 
where 
x(i + 7) = (x(i + 4) + x(i)) mod 2 
and 
[x(6) x(5) x(4) x(3) x(2) x(1) x(0)]<[1 1 1 0 1 1 0] 
8.4.2.2.2 Mapping to physical resources 


Mapping to physical resources is described in clause 8.4.3. 
8.4.2.3 Sidelink secondary synchronization signal 


8.4.2.3.1 Seguence generation 
The sequence ds sss(n) for the sidelink secondary synchronization signal is defined by 


ds.sss(n) = [1 — 2xo((n + mo) mod 127)][1 — 2xi((n + m,) mod 127)] 


Nba SL 
Mo = 15 ni T 5ND2 
m, = Nj), mod 112 
0 < n < 127 


where 
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xo(i + 7) = (xo G + 4) + Xo(i)) mod 2 
x,(i 47) = (GG +1)+ x (i) mod 2 


and 
[xo(6) xo(5) xo(4) xo(3) xo(2 xə(1) x(0)J=[0 0 0 0 0 0 1] 
[x1(6) x065) x) x(3) x0) x0) x(0]2[0 o o o 0 0 1] 
8.4.2.3.2 Mapping to physical resources 


Mapping to physical resources is described in clause 8.4.3. 


8.4.3  S-SS/PSBCH block 


8.4.3.1 Time-frequency structure of an S-SS/PSBCH block 


In the time domain, an S-SS/PSBCH block consists of NS OFDM symbols, numbered in increasing order from 0 to 


NSS} — 1 within the S-SS/PSBCH block, where S-PSS, S-SSS, and PSBCH with associated DM-RS are mapped to 
symbols as given by Table 8.4.3.1-1. The number of OFDM symbols in an S-SS/PSBCH block N55; = 13 for normal 


cyclic prefix and NS — 11 for extended cyclic prefix. The first OFDM symbol in an S-SS/PSBCH block is the first 
OFDM symbol in the slot. 


In the frequency domain, an S-SS/PSBCH block consists of 132 contiguous subcarriers with the subcarriers numbered 
in increasing order from O to 131 within the sidelink S-SS/PSBCH block. The quantities k and I represent the frequency 
and time indices, respectively, within one sidelink S-SS/PSBCH block. 


For an S-SS/PSBCH block, the UE shall use 
- antenna port 4000 for transmission of S-PSS, S-SSS, PSBCH and DM-RS for PSBCH; 


- the same cyclic prefix length and subcarrier spacing for the S-PSS, S-SSS, PSBCH and DM-RS for PSBCH, 


Table 8.4.3.1-1: Resources within an S-SS/PSBCH block for S-PSS, S-SSS, PSBCH, and DM-RS. 


Channel OFDM symbol number I Subcarrier number k 
or signal relative to the start of an S-SS/PSBCH relative to the start of an S-SS/PSBCH block 
block 
S-PSS 1,2 2, 3, ..., 127, 128 
S-SSS 3,4 2, 3, ..., 127, 128 
Set to zero 1,2,3,4 0, 1, 129, 130, 131 
PSBCH 0, 5, 6, ..., Nom. -1 0, 1,..., 131 
DM-RS for S-SSB _ 0, 4, 8, zašij 128 
PSBCH 0, 5, 6, ..., Nm — 1 
8.4.3.1.1 Mapping of S-PSS within an S-SS/PSBCH block 


The sequence of symbols ds-pss(0), ..., ds-pss(126) constituting the sidelink primary synchronization signal in one 
OFDM symbol shall be scaled by a factor Ps pss to conform to the S-PSS power allocation specified in [5, TS 38.213] 
and mapped to resource elements (k, l)p ,, in increasing order of k in each of the symbols l, where k and | are given by 
Table 8.4.3.1-1 and represent the frequency and time indices, respectively, within one S-SS/PSBCH block. 


8.4.3.1.2 Mapping of S-SSS within an S-SS/PSBCH block 


The sequence of symbols ds <ss(0), ..., ds sss(126) constituting the sidelink secondary synchronization signal in one 
OFDM symbol shall be scaled by a factor Ps ses to conform to the S-SSS power allocation specified in [5, TS 38.213] 
and mapped to resource elements (k, l)p, ,, in increasing order of k in each of the symbols l, where k and | are given by 
Table 8.4.3.1-1 and represent the frequency and time indices, respectively, within one S-SS/PSBCH block. 
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8.4.3.1.3 Mapping of PSBCH and DM-RS within an S-SS/PSBCH block 


The sequence of complex-valued symbols dpepeg (0), ..., dpsgcH (Meymb = 1) constituting the physical sidelink 
broadcast channel shall be scaled by a factor Ppsgcy to conform to the PSBCH power allocation specified in [5, TS 
38.213] and mapped in sequence starting with dpspcn (0) to resource elements (k, l)p „ which meet all the following 
criteria: 


- they are not used for PSBCH demodulation reference signals 


The mapping to resource elements (k, 1), ,, not reserved for PSBCH DM-RS shall be in increasing order of first the 


index k and then the index l, where k and l represent the frequency and time indices, respectively, within one S- 
SS/PSBCH block and are given by Table 8.4.3.1-1. 


The sequence of complex-valued symbols r(0), ..., r(33(NSSIE € 4) = 1) constituting the demodulation reference 


signals for the S-SS/PSBCH block shall be scaled by a factor of BPE? to conform to the PSBCH power allocation 
specified in [5, TS 38.213] and mapped to resource elements (k, l), „, in increasing order of first k and then I where k 


and l are given by Table 8.4.3.1-1 and represent the frequency and time indices, respectively, within one S-SS/PSBCH 
block. 


8.4.3.2 Time location of an S-SS/PSBCH block 


The locations in the time domain where a UE shall monitor for a possible S-SS/PSBCH block are described in clause 
16.1 of [5, TS 38.213]. 
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